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Methods and apparatus are provided to resolve analytes
within a fluid path using isoelectric focusing, gel electro-
phoresis, or other separation means. Materials within the fluid
path that are compatible with these separation means are used
to attach resolved analytes to the wall of the fluid path. Attach-
ment results from a triggerable event such as photoactivation,
thermal activation, or chemical activation. In accordance with
a further aspect of the present invention, the material in the
capillary may also be disrupted, by either the triggerable
event or a subsequent event such as melting or photocleavage.
Thus, an open lumen or porous structure may be created
within the fluid path, allowing unbound analyte materials to
be washed from the fluid path, and detection agents to be
washed into the fluid path. The separation-compatible mate-
rials may be polymerizable monomers, gels, entangled poly-
mers or other materials.
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METHODS AND DEVICES FOR ANALYTE
DETECTION

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/725,769, entitled “METHODS AND
DEVICES FOR ANALYTE DETECTION;,” filed Mar. 19,
2007, now allowed, which claims priority to and which is a
continuation-in-part of U.S. patent application Ser. No.
11/185,247, filed Jul. 19, 2005 and entitled “METHODS
AND DEVICES FOR ANALYTE DETECTION,” now
allowed, which claims benefit under 35 U.S.C. §119(e) to
application Ser. No. 60/589,139, entitled “Continuous Deter-
mination of Cellular Contents by Chemiluminescence,” filed
Jul. 19, 2004, and application Ser. No. 60/617,362, entitled
“Determination of Captures Cellular Contents,” filed Oct. 8,
2004, the disclosures of which are incorporated herein by
reference in their entireties. U.S. patent application Ser. No.
11/725,769 further claims the benefit of U.S. provisional
patent application Ser. No. 60/816,194, filed on Jun. 23, 2006,
the disclosure of which is incorporated herein by reference in
its entirety.

FIELD OF INVENTION

The present invention relates to medical devices and kits
for analyte detection and various uses thereof. More particu-
larly this invention relates to methods and devices for captur-
ing analytes separated in a fluid or emulsion or entangled
polymer or gel medium by electrophoresis.

INTRODUCTION

Methods and devices for detecting analytes are important
tools for characterizing analytes in biological and industrial
applications. In many applications, it is desirable to detect the
presence of one or more analytes in a sample. For example,
rapid detection of a particular protein in a mixture of proteins
is particularly useful in molecular biology protocols, drug
development and disease diagnosis.

Although numerous approaches have been developed for
detecting analytes, there is still a great need to find new assay
designs that can be used to inexpensively and conveniently
detect and characterize a wide variety of analytes. However,
currently available assay protocols are inconvenient, expen-
sive, or have other deficiencies. For example, Western blot-
ting has been in widespread use for more than two decades for
detecting proteins. In this technique, a sheet of gel is retained
between two plates and usually is mounted vertically with the
upper edge of the gel sheet accessible to the sample to be
assayed. The sample is applied in wells created along the
upper edge of the gel and an electrophoretic potential is
applied between the upper and lower edges of the sheet of gel.
The electrophoretic potential is applied by a DC power sup-
ply, and may be in the range of 50 to more than 1000 volts. The
electrophoretic potential is applied for a period of time that
allows the proteins in the sample, to distribute themselves
(i.e., separate) vertically through the sheet of gel, typically for
1-4 hours, but in some cases considerably longer. The poten-
tial must be removed when the proteins are distributed as
desired. The sheet of gel is then removed from between its two
glass retaining plates and is then placed on a sheet of blotting
material such as porous nitrocellulose of length and width
dimensions approximately matching those of the sheet of gel,
the blotting material having already been soaked in a buffer to
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hydrate it. Care must be taken at this step to avoid the presence
ofair bubbles between the gel and the blotting material, which
would impede the direct transfer of the distributed proteins
from the gel to the blotting material. Two electrode plates are
then placed on either side of the gel and blotting material,
thereby sandwiching the sheets of gel and blotting material
between the electrode plates. The electrode plates should
preferably apply a uniform electrophoretic field across the
thicknesses of the sheets of gel and blotting material. This
electrophoretic field, typically 100-500 volts, transfers the
proteins from the gel to the blotting material in the same
distribution in which they were captured in the gel matrix.
This transfer process takes approximately 1-2 hours, but can
take as much as overnight for some proteins to be transferred.
After the proteins adhere to the blotting material, the blotting
material is removed from the sandwich and is washed in a
buffer containing one or more blocking agents such as skim
milk, bovine serum albumin or tween-20 detergent for 1-4
hours and then is immersed in a solution of protein-specific
reporter antibodies. During the immersion the blotting paper
is typically agitated by a rocking or circular motion in the
plane of the blotting paper. The immersion step typically
takes 1-4 hours, but can take overnight or longer for some
antibody-protein pairs. Reporter antibody detection can be
done with a variety of markers such as optical dyes, radioac-
tive or chromogenic markers, fluorescent dyes or reporter
enzymes depending upon the analytical method used. These
results are known as Western blots as described by Towbin H.,
Staehelin T., and Gordon I., Proc. Nat. Acad. Sci. USA, 76:
4350-4354 (1979), Burnette W. N., Anal. Biochem., 112:
195-203 (1981), and Rybicki & von Wechmar in J. Virol.
Methods, vol. 5: 267-278 (1982).

The Western blot technique, while widely used, has a num-
ber of drawbacks and deficiencies. First, as the above descrip-
tion makes clear, the processing is very complex. There are
many distinctly different steps, including the step of initially
distributing the proteins being analyzed through the gel, the
intermediate step of transferring the distributed proteins to
the blotting material, the later step of binding the reporter
antibodies, and the final step of reading or analyzing the
results. Between these major steps are preparation steps and
washing the variously processed components of the tech-
nique. Second, there is extensive handling of the components
of the technique. The gel must be placed in the distribution
apparatus, then removed and located in the blotting apparatus,
then the blotting material must be handled to bind the reporter
substrates. The components can be damaged during this han-
dling, in particular the fragile sheet of gel. Third, it takes a
considerable amount of time to arrive at just a single blot. At
least a day is required to produce just one blot, and generally
1v4-2 days are required. During the beginning of the process
the accuracy of the technique is affected by migration of the
proteins until they are immobilized in the blotting material,
which can result in band broadening. Fourth, the variability
introduced by the complexity of the handling and processing
can require the process to be repeated several times before
acceptable results are obtained. Fifth, the variability in the
results often requires subjective decisions to be made in read-
ing the results of the blot. This subjectivity reduces the ability
to obtain quantifiable, objective results and frequently limits
the technique to practice by highly trained and experienced
personnel. Sixth, the variability and complexity of the process
impedes the ability to automate the process. Seventh, the
technique has low sensitivity and generally is only effective
with the contents of hundreds of thousands or millions of
cells. Certainly, the technique cannot be used to analyze the
enzymes of an individual mammalian cell. Eighth, the quan-
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titation of the technique is poor. For one example, the agita-
tion process may fail to cause the uniform binding of reporter
substrates to the analytes in the blotting material. For another
example, in the electroblotting step the time required to trans-
fer some proteins is sufficient to enable other proteins to pass
through the blotting membrane and be lost. Finally, the pro-
cess can require large quantities of expensive probe and
reporter antibodies to be used. In sum, the Western gel blot-
ting technique is generally complex, time-consuming, expen-
sive, insensitive and inexact.

Thus, although numerous approaches have been developed
for detecting analytes, there is still a great need to find new
methods and devices that can be used to conveniently and
sensitively detect and characterize a wide variety of analytes.

SUMMARY

The present invention provides methods, devices, and kits
for detecting one or more analytes of interest in a sample. In
some embodiments, methods of detecting at least one analyte
in a sample are provided, characterized in that: one or more
analytes are resolved in a fluid path and the analyte(s) are
immobilized in the fluid path. Detection agents are conveyed
through the fluid path which bind to or interact with the
analyte(s) and permit detection of the immobilized analyte(s)
in the fluid path.

In another aspect, methods for detecting at least one protein
in a sample are provided comprising the steps of: resolving
one or more proteins in a capillary, photoimmobilizing one or
more proteins in the capillary, contacting antibodies with the
immobilized protein(s) to form antibody-protein com-
plex(es) in the capillary, and detecting the protein(s).

In a further aspect, methods of detecting at least one protein
in a sample are provided wherein one or more target proteins
are resolved in a capillary. The capillary comprises at least
one or more photoreactive groups. In some embodiments, the
capillary comprises polymeric material or polymerizable
material comprising one or more photoreactive groups. The
protein(s) are photoimmobilized in the capillary. Antibodies
are then contacted with the photoimmobilized proteins and
form antibody-protein complex(es) in the capillary, and the
proteins are detected.

Further methods of detecting at least one protein in a
sample are provided comprising the steps of: concentrating
one or more proteins in a fluid path, immobilizing the pro-
tein(s) in the fluid path; contacting the immobilized target
protein(s) with detection agents to form a detection agent-
protein complex(es) in the fluid path, and detecting the target
protein.

Additionally, systems for detecting at least one analyte in a
sample are provided, comprising a fluid path with one or more
reactive groups contained therein, where the reactive groups
are capable of immobilizing the analyte(s) in the fluid path. A
power supply is coupled to the fluid path and is configured to
apply a voltage along the fluid path wherein the analytes are
resolved in the fluid path. A detector is provided which detects
the analytes immobilized in the fluid path.

In another aspect, the present invention provides a method
of capturing at least one analyte in a sample, characterized in
that one or more analytes are resolved in a fluid path and said
analytes are immobilized in said fluid path and upon activa-
tion of one or more triggerable agents contained in said fluid
path.

In another aspect, kits for detecting at least one analyte in
a sample are provided, comprising one or more fluid paths
comprising one or more reactive moieties, buffer and detec-
tion agents.
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These and other features of the present teachings are set
forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

The skilled artisan will understand that the drawings,
described below, are for illustration purposes only. The draw-
ings are not intended to limit the scope of the present teach-
ings in any way.

FIGS. 1a-d illustrate exemplary embodiments of resolv-
ing, immobilizing and labeling cellular materials in a capil-
lary.

FIGS. 2a-b illustrate exemplary embodiments of immobi-
lizing resolved analytes in a polymeric material in a capillary.

FIGS. 3a-# illustrate exemplary embodiments of detecting
one or more analytes.

FIG. 4 illustrates an exemplary embodiment of detecting
cellular materials.

FIG. 5 illustrates an exemplary embodiment of analyzing
cell(s).

FIG. 6 illustrates an exemplary embodiment of detecting
cellular materials.

FIG. 7 illustrates an exemplary embodiment of analyzing
cell(s).

FIG. 8 illustrates an exemplary embodiment of analyzing
cell(s).

FIG. 9 illustrates an exemplary embodiment of analyzing
cell(s).

FIG. 10 illustrates an exemplary embodiment of analyzing
cellular materials.

FIG. 11 illustrates an exemplary embodiment of method
for analyzing cellular materials.

FIGS. 12a-b illustrate exemplary embodiments of (a) a
capillary between two fluid-filled wells and electrodes and (b)
a capillary array device.

FIG. 13 illustrates an exemplary embodiment of an ana-
Iytical system detection of cellular materials in a capillary by
chemiluminescence.

FIG. 14 illustrates an exemplary embodiment of an ana-
Iytical device.

FIG. 15 illustrates an exemplary embodiment of an ana-
Iytical device.

FIG. 16 illustrates an exemplary embodiment of an ana-
Iytical device.

FIG. 17 illustrates fluorescent detection of Green Fluores-
cent Protein.

FIG. 18 illustrates chemiluminescent detection of Green
Fluorescent Protein.

FIG. 19 illustrates fluorescent detection of horse myoglo-
bin.

FIG. 20 illustrates chemiluminescent detection of Akt pro-
tein.

FIG. 21 illustrates chemiluminescent detection of phos-
phorylated Akt protein.

FIG. 22 illustrates chemiluminescence detection of Akt
protein and phosphorylated Akt protein.

FIGS. 23a to 23¢ illustrates an example embodiments of
resolving analytes by electrophoresis, attaching them to the
wall of a fluidic path via activatable groups that are compo-
nents of the gel, and disrupting the gel to form an open lumen.

FIGS. 24a and 244 are images of gel-filled capillary that
has been disrupted to allow detection reagents to pass through
the fluid path to enable detection of a protein.

FIGS. 24¢ and 244 show data extracted from the gel filled
capillaries of FIGS. 24a and 245, respectively.

FIG. 25 is a flowchart illustrating an example of analyzing
one or more analytes in a fluid path using IEF for analyte
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separation and chemiluminescence for detection in accor-
dance with some embodiments of the present invention.

FIG. 26 is a flowchart illustrating an example of analyzing
one or more analytes in a fluid path using IEF for analyte
separation and fluorescence for detection in accordance with
some embodiments of the present invention.

FIG. 27 is a flowchart illustrating an example of analyzing
one or more analytes in a fluid path using gel electrophoresis
for analyte separation and chemiluminescence for detection
in accordance with some embodiments of the present inven-
tion.

FIG. 28 is a flowchart illustrating an example of analyzing
one or more analytes in a fluid path using gel electrophoresis
for analyte separation and fluorescence for a detection in
accordance with some embodiments of the present invention.

FIG. 29 illustrates the exemplary structures of acrylamide
X and acryloyl-benzophenone Y that can form a copolymer
able to bind to analytes or to the wall of a fluid path in
accordance with some embodiments of the present invention.

FIG. 30 illustrates one example of synthesis of acryloyl-
benzophenone.

FIG. 31 illustrates the structure of ATFB-PEG according to
embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

It is to be understood that both the foregoing general
description and the following description are exemplary and
explanatory only and are not restrictive of the methods and
devices described herein. In this application, the use of the
singular includes the plural unless specifically state other-
wise. Also, the use of “or” means “and/or” unless stated
otherwise. Similarly, “comprise,” “comprises,” “compris-
ing,” “include,” “includes” and “including” are not intended
to be limiting.

Definitions
As used throughout the instant application, the following
terms shall have the following meanings:

“Antibody” has its standard meaning and is intended to
refer to full-length as well antibody fragments, as are known
in the art, including Fab, Fab,, single chain antibodies (Fv for
example), monoclonal, polyclonal, chimeric antibodies, etc.,
either produced by the modification of whole antibodies or
those synthesized de novo using recombinant DNA technolo-
gies.

“Detect” and “detection” have their standard meaning, and
are intended to encompass detection including the presence
or absence, measurement, and/or characterization of an ana-
Iyte.

“Label” as used herein refers to a detectable moiety. As will
be appreciated by those in the art, suitable labels encompass
awide variety of possible moieties. In general, labels include,
but are not limited to, a) isotopic labels, which may be radio-
active or heavy isotopes; b) immune labels, which may be
antibodies or antigens; c) optical dyes, including colored or
fluorescent dyes; d) enzymes such as alkaline phosphatase
and horseradish peroxidase, e) particles such as colloids,
magnetic particles, etc., and combinations thereof such as
fluorescent labeled antibodies, and chemiluminescent labeled
antibodies.

“Protein” has its standard meaning and is intended to refer
to proteins, oligopeptides and peptides, derivatives and ana-
logs, including proteins containing non-naturally occurring
amino acids and amino acid analogs, and peptidomimetic
structures, and includes proteins made using recombinant
techniques, i.e. through the expression of a recombinant
nucleic acid.
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Methods

Provided herein are methods of detecting one or more
analytes in a sample. In some embodiments, methods of
detecting at least one analyte in a sample are provided, char-
acterized in that: one or more analytes are resolved in a fluid
path and the analyte(s) are immobilized in the fluid path.
Detection agents are conveyed through the fluid path, which
bind to or interact with the analytes and permit detection of
the immobilized analytes in the fluid path.

In some embodiments, methods of detecting at least one
analyte of interest in a sample are provided. In some embodi-
ments, the method Comprises resolving one or more analytes
in a fluid path, immobilizing the analytes in the fluid path, and
contacting the immobilized analytes with detection agents,
and detecting the analytes. In some embodiments, the method
comprises separating a sample into two or more components
in a fluid path, immobilizing one or more analytes of interest
in the fluid path, and contacting the immobilized analytes
with detection agents, and detecting the analytes.

The sample contains the analyte or analytes to be detected.
The sample can be heterogeneous, containing a variety of
components, i.e. different proteins. Alternatively, the sample
can be homogenous, containing one component. The sample
can be naturally occurring, a biological material, or man-
made material. For example, the sample can be a single cell or
a plurality of cells, a blood sample, a tissue sample, a skin
sample, a urine sample, a water sample, or a soil sample. In
some embodiments, the sample comprises the contents of a
single cell, or the contents of a plurality of cells. The sample
can be from a living organism, such as a eukaryote, prokary-
ote, mammal, human, yeast, or bacterium, or the sample can
be from a virus. In some embodiments, sequential samples
can be assayed from a single animal, such as sequential cut-
tings from a rodent tail over time.

In some embodiments, the sample can be one or more stem
cells. A stem cell is any cell that has the ability to divide for
indefinite periods of time and to give rise to specialized cells.
Suitable examples include embryonic stem cells, such as
human embryonic stem cells (hES), and non-embryonic
stems cells, such as mesenchymal, hematopoietic, or adult
stem cells (MSC).

As will be appreciated by those skilled in the art, virtually
any processing may be performed on the sample prior to
detecting the analyte. For example, the sample can be sub-
jected to a lysing step, denaturation step, heating step, puri-
fication step, precipitation step, immunoprecipitation step,
column chromatography step, centrifugation, etc. In some
embodiments, the separation of the sample and immobiliza-
tion may be performed on native substrates, the analyte of
interest, i.e. a protein, or may also undergo denaturation to
expose their internal hydrophobic groups for immobilizing in
the fluid path.

The analyte to be detected can be any analyte selected by
the user. The analyte can comprise any organic or inorganic
molecule capable of being detected. Non-limiting examples
of analytes that can be detected include proteins, oligopep-
tides and peptides, derivatives and analogs, including pro-
teins containing non-naturally occurring amino acids and
amino acid analogs. Other example of analytes that can be
detected include carbohydrates, polysaccharides, glycopro-
teins, viruses, metabolites, cofactors, nucleotides, polynucle-
otides, transition state analogs, inhibitors, drugs, nutrients,
electrolytes, hormones, growth factors and other biomol-
ecules as well as non-biomolecules, as well as fragments and
combinations of all the forgoing.

As will be appreciated by those in the art, virtually any
method of loading the sample in the fluid path may be per-
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formed. For example, the sample can be loaded into one end
of'the fluid path. In some embodiments, the sample is loaded
into one end of the fluid path by hydrodynamic flow. For
example, in embodiments wherein the fluid path is a capillary,
the sample can be loaded into one end of the capillary by
hydrodynamic flow, such that the capillary is used as a
micropipette. FIG. 35 illustrates an exemplary embodiment
of'loading a sample in capillary by capillary action. In some
embodiments, the sample can be loaded into the fluid path by
electrophoresis, for example, when the fluid path is gel filled
and therefore more resistant to hydrodynamic flow.

The fluid path can comprise any structure that allows liquid
or dissolved molecules to flow. Thus, the fluid path can com-
prise any structure known in the art, so long as it is compatible
with the methods and devices described herein. In some
embodiments, the fluid path is a bore or channel through
which a liquid or dissolved molecule can flow. In some
embodiments, the fluid path is passage in a permeable mate-
rial in which liquids or dissolved molecules can flow.

The fluid path comprises any material that allows the detec-
tion of the analyte within the fluid path. The fluid path com-
prises any convenient material, such as glass, plastic, silicon,
fused silica, gel, or the like. In some embodiments, the
method employs a plurality of fluid paths. A plurality of fluid
paths enables multiple samples to be analyzed simulta-
neously.

The fluid path can vary as to dimensions, width, depth and
cross-section, as well as shape, being rounded, trapezoidal,
rectangular, etc., for example. The fluid path can be straight,
rounded, serpentine, or the like. As described below, the
length of the fluid path depends in part on factors such as
sample size and the extent of sample separation required to
resolve the analyte or analytes of interest.

In some embodiments, the fluid path comprises a tube with
abore, such as a capillary. In some embodiments, the method
employs a plurality of capillaries. Suitable sizes include, but
are not limited to, capillaries having internal diameters of
about 10 to about 1000 pum, although more typically capillar-
ies having internal diameters of about 25 to about 400 um can
be utilized. Smaller diameter capillaries use relatively low
sample loads while the use of relatively large bore capillaries
allows relatively high sample loads and can result in
improved signal detection.

The capillaries can have varying lengths. Suitable lengths
include, but are not limited to, capillaries of about 2 to 20 cm
in length, although somewhat shorter and longer capillaries
can be used. In some embodiments, the capillary is about 3, 4,
5, or 6 cms in length. Longer capillaries typically result in
better separations and improved resolution of complex mix-
tures. Longer capillaries can be of particular use in resolving
low abundance analytes.

Generally, the capillaries are composed of fused silica,
although plastic capillaries and PYREX (i.e., amorphous
glass) can be utilized. As noted above, the capillaries do not
need to have a round or tubular shape, other shapes, so long as
it is compatible with the methods and devices described
herein can also be utilized.

In some embodiments, the fluid path can be a channel. In
some embodiments, the method employs a plurality of chan-
nels. In some embodiments, the fluid path can be a channel in
a microfluidic device. Microfluidics employs channels in a
substrate to perform a wide variety of operations. The microf-
luidic devices can comprise one or a plurality of channels
contoured into a surface of a substrate. The microfluidic
device can be obtained from a solid inert substrate, and in
some embodiments in the form of a chip. The dimensions of
the microfluidic device are not critical, but in some embodi-
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ments the dimensions are in the order of about 100 um to
about 5 mm thick and approximately about 1 centimeters to
about 20 centimeters on a side. Suitable sizes include, but are
not limited to, channels having a depth of about 5 pum to about
200 pm, although more typically having a depth of about 20
pum to about 100 um can be utilized. Smaller channels, such as
micro or nanochannels can also be used, so long as it is
compatible with the methods and devices described herein.

In some embodiments, the fluid path comprises a gel. In
some embodiments, the gel is capable of separating the com-
ponents of the sample based on molecular weight. A wide
variety of such gels are known in the art, a non-limiting
example includes a polyacrylamide gel.

The methods generally comprise resolving one or more
analytes, contained in a sample, in the fluid path. Methods of
separating a mixture into two or more components are well
know to those of ordinary skill in the art, and may include, but
are not limited to, various kinds of electrophoresis. As used
herein, electrophoresis refers to the movement of suspended
or dissolved molecules through a fluid or gel under the action
of'an electromotive force applied to electrodes in contact with
a fluid.

In some embodiments, resolving one or more analytes
comprises isoelectric focusing (IEF) of a sample. In an elec-
tric field, a molecule will migrate towards the pole (cathode or
anode) that carries a charge opposite to the net charge carried
by the molecule. This net charge depends in part on the pH of
the medium in which the molecule is migrating. One common
electrophoretic procedure is to establish solutions having dif-
ferent pH values at each end of an electric field, with a gra-
dient range of pH in between. At a certain pH, the isoelectric
point of a molecule is obtained and the molecule carries no net
charge. As the molecule crosses the pH gradient, it reaches a
spot where its net charge is zero (i.e., its isoelectric point) and
it is thereafter immobile in the electric field. Thus, this elec-
trophoresis procedure separates molecules according to their
different isoelectric points.

In some embodiments, for example when resolving is by
isoelectric focusing, an ampholyte reagent can be loaded into
the fluid path. An ampholyte reagent is a mixture of molecules
having a range of different isoelectric points. Typical
ampholyte reagents are Pharmalyte™ and Ampholine™
available from Amersham Biosciences of Buckinghamshire,
England. Ampholytes can be supplied at either end of the fluid
path, or both, by pumping, capillary action, gravity flow,
electroendosmotic pumping, or electrophoresis, or by gravity
siphon that can extend continuously through the fluid path.

In some embodiments, resolving one or more analytes
comprises electrophoresis of a sample in a polymeric gel.
Electrophoresis in a polymeric gel, such as a polyacrylamide
gel or an agarose gel separates molecules on the basis of the
molecule’s size. A polymeric gel provides a porous passage-
way through which the molecules can travel. Polymeric gels
permit the separation of molecules by molecular size because
larger molecules will travel more slowly through the gel than
smaller molecules.

In some embodiments, resolving one or more analytes
comprises micellar electrokinetic chromatography (MEKC)
of'a sample. In micellar electrokinetic chromatography, ionic
surfactants are added to the sample to form micelles. Micelles
have a structure in which the hydrophobic moieties of the
surfactant are in the interior and the charged moieties are on
the exterior. The separation of analyte molecules is based on
the interaction of these solutes with the micelles. The stronger
the interaction, the longer the solutes migrate with the
micelle. The selectivity of MEKC can be controlled by the
choice of surfactant and also by the addition of modifiers to
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the sample. Micellar electrokinetic chromatography allows
the separation of neutral molecules as well as charged mol-
ecules.

The methods comprise immobilizing one or more resolved
analytes in the fluid path. As used herein, immobilizing refers
to substantially reducing or eliminating the motion of mol-
ecules in the fluid path. The immobilization can be via cova-
lent bonds or non-covalent means such as by hydrophobic or
ionic interaction. In some embodiments, the resolved ana-
Iytes of the sample are immobilized in the fluid path by
isoelectric focusing.

In some embodiments, the fluid path comprises one or
more reactive moieties. A reactive moiety can be used to
covalently immobilize the resolved analyte or analytes in the
fluid path. The reactive moiety can comprise any reactive
group that is capable of forming a covalent linkage with a
corresponding reactive group of individual molecules of the
sample. Thus, the reactive moiety can comprise any reactive
group known in the art, so long as it is compatible with the
methods and devices described herein. In some embodi-
ments, the reactive moiety comprises a reactive group that is
capable of forming a covalent linkage with a corresponding
reactive group of an analyte of interest. In embodiments
employing two or more reactive moieties, each reactive moi-
ety can be the same, or some or all of the reactive moieties
may differ.

The reactive moiety can be attached directly, or indirectly
to the fluid path. In some embodiments, the reactive moiety
can be supplied in solution or suspension, and may form
bridges between the wall of the fluid path and the molecules
in the sample upon activation. The reactive moiety can line
the fluid path or, in another embodiment, may be present on a
linear or cross-linked polymer in the fluid path. The polymer
may or may not be linked to the wall of the fluid path before
and/or after activation.

A wide variety of reactive moieties suitable for covalently
linking two molecules together are well-known. The actual
choice of reactive moieties will depend upon a variety of
factors, and will be apparent to those of skill in the art. For
example, the reactive moiety can bind to carbon-hydrogen
(C—H) bonds of proteins. Since many separation media also
contain components with C—H bonds, chemistries that react
with sulthydryl (S—H) groups may be advantageous in that
S—H groups are found uniquely on proteins relative to most
separation media components. Chemistries that react with
amine or carboxyl groups may also be advantageous due to
the prevalence of such groups on proteins.

Suitable reactive moieties include, but are not limited to,
photoreactive groups, chemical reactive groups, and ther-
moreactive groups.

Photoimmobilization in the fluid path can be accomplished
by the activation of one or more photoreactive groups. A
photoreactive group comprises one or more latent photoreac-
tive groups that upon activation by an external energy source,
forms a covalent bond with other molecules. See, e.g., U.S.
Pat. Nos. 5,002,582 and 6,254,634, the disclosures of which
are incorporated herein by reference. The photoreactive
groups generate active species such as free radicals and par-
ticularly nitrenes, carbenes, and excited states of ketones
upon absorption of electromagnetic energy. The photoreac-
tive groups can be chosen that are responsive to various por-
tions of the electromagnetic spectrum, such as those respon-
sive to ultraviolet, infrared and visible portions of the
spectrum. For example, upon exposure to a light source, the
photoreactive group can be activated to form a covalent bond
with an adjacent molecule.
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Suitable photoreactive groups include, but are not limited
to, aryl ketones, azides, diazos, diazirines, and quinones.

In some embodiments, the photoreactive group comprises
aryl ketones, such as benzophenone, acetophenone,
anthraquinone, anthrone, and anthrone-like heterocycles or
their substituted derivatives. Benzophenone is a preferred
photoreactive moiety, since it is capable of photochemical
excitation with the initial formation of an excited singlet state
that undergoes intersystem crossing to the triplet state. The
excited triplet state can insert into carbon-hydrogen bonds by
abstraction of a hydrogen atom to create a radical pair. The
subsequent collapse of the radical pair leads to formation of a
new carbon-carbon bond. If a reactive bond (e.g., carbon-
hydrogen) is not available for bonding, the ultraviolet light-
induced excitation of the benzophenone group is reversible
and the molecule returns to ground state energy level upon
removal of the energy source.

In some embodiments, the photoreactive group comprises
azides, such as arylazides such as phenyl azide, 4-fluoro-3-
nitrophenyl azide, acyl azides such as benzoyl azide and
p-methylbenzoyl azide, azido formates such as ethyl azido-
formate, phenyl azidoformate, sulfonyl azides such as benze-
nesulfonyl azide, and phosphoryl azides such as diphenyl
phosphoryl azide and diethyl phosphoryl azide.

In some embodiments, the photoreactive group comprises
diazo compounds and includes diazoalkanes such as diaz-
omethane and diphenyldiazomethane, diazoketones such as
diazoacetophenone and 1-trifluoromethyl-1-diazo-2-pen-
tanone, diazoacetates such as t-butyl diazoacetate and phenyl
diazoacetate, and beta-keto-alpha-diazoacetates such as t-bu-
tyl alpha diazoacetoacetate.

In some embodiments, the photoreactive group comprises
diazirines such as 3-trifluoromethyl-3-phenyldiazirine, and
photoreactive group comprises ketenes such diphenylketene.

In some embodiments; the photoreactive group comprises
a N-(2-pyridyldithio)ethyl)-4-azidosalicylamide, 4-azido-2,
3,5,6-tetrafluorobenzoic  acid, 4-azido-2,3,5,6-tetrafluo-
robenzyl amine, benzophenone-4-maleimide, benzophe-
none-4-isothiocyanate, or 4-benzoylbenzoic acid.

As described above, in embodiments employing two or
more reactive moieties, each reactive moiety can be the same,
or some or all of the reactive moieties may differ. For
example, the fluid path can comprise photoreactive groups
and chemically reactive. In some embodiments, the fluid path
can comprise different photoreactive groups, non limiting
examples include, benzophenone and 4-azido-2,3,5,6-tet-
rafluorobenzoic acid (ATFB).

In addition to the use of photoactivatable chemistry
described above, chemical or thermal activation may also be
employed.

In some embodiments, the reactive moiety comprises a
functional group that can be used to attach the reactive moiety
to an analyte by forming a covalent linkage with a comple-
mentary group present on the analyte. Pairs of complemen-
tary groups capable of forming covalent linkages are well
known in the art. In some embodiments, the analyte com-
prises a nucleophilic group and the reactive group comprises
an electrophilic group. In other embodiments, the reactive
group comprises a nucleophilic group and the analyte com-
prises an electrophilic group. Complementary nucleophilic
and electrophilic groups, or precursors thereof that can be
suitably activated, useful for forming covalent linkages stable
in assay conditions are well known and can be used.
Examples of suitable complementary nucleophilic and elec-
trophilic groups, as well as the resultant linkages formed there
from, are provided in U.S. Pat. No. 6,348,596.
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In some embodiments, the methods comprise contacting
one or more analytes with one or more detection agents. A
detection agent is capable of binding to or interacting with the
analyte be detected. Contacting the detection agent with the
analyte or analytes of interest can be by any method known in
the art, so long as it is compatible with the methods and
devices described herein. Examples for conveying detection
agents through the fluid path include, but are not limited to,
hydrodymic flow, electroendosmotic flow, or electrophoresis.

The detection agents can comprise any organic or inor-
ganic molecule capable of binding to interact with the analyte
to be detected. Non-limiting examples of detection agents
include proteins, peptides, antibodies, enzyme substrates,
transition state analogs, cofactors, nucleotides, polynucle-
otides, aptamers, lectins, small molecules, ligands, inhibitors;
drugs, and other biomolecules as well as non-biomolecules
capable of binding the analyte to be detected.

In some embodiments, the detection agents comprise one
or more label moiety(ies). In embodiments employing two or
more label moieties, each label moiety can be the same, or
some, or all, of the label moieties may differ.

Insome embodiments, the label moiety comprises a chemi-
luminescent label. The chemiluminescent label can comprise
any entity that provides a light signal and that can be used in
accordance with the methods and devices described herein. A
wide variety of such chemiluminescent labels are known in
the art. See, e.g., U.S. Pat. Nos. 6,689,576, 6,395,503, 6,087,
188, 6,287,767, 6,165,800, and 6,126,870 the disclosures of
which are incorporated herein by reference. Suitable labels
include enzymes capable of reacting with a chemilumines-
cent substrate in such a way that photon emission by chemi-
luminescence is induced. Such enzymes induce chemilumi-
nescence in other molecules through enzymatic activity. Such
enzymes may include peroxidase, beta-galactosidase, phos-
phatase, or others for which a chemiluminescent substrate is
available. In some embodiments, the chemiluminescent label
can be selected from any of a variety of classes of luminol
label, an isoluminol label, etc. In some embodiments, the
detection agents comprise chemiluminescent labeled anti-
bodies.

In some embodiments, the detection agents comprise
chemiluminescent substrates. Depending on their charge, the
chemiluminescent substrates can be supplied from either end
of' the fluid path, once the analyte is immobilized in the fluid
path. Uncharged substrates can be supplied from either end of
the fluid path by hydrodynamic flow or electroendosmotic
flow, for example. Chemiluminescent substrates are well
known in the art, such as Galacton substrate available from
Applied Biosystems of Foster City, Calif. or SuperSignal
West Femto Maximum Sensitivity substrate available from
Pierce Biotechnology, Inc. of Rockford, I11. or other suitable
substrates.

Likewise, the label moiety can comprise a bioluminescent
compound. Bioluminescence is a type of chemiluminescence
found in biological systems in which a catalytic protein
increases the efficiency of the chemiluminescent reaction.
The presence of a bioluminescent compound is determined
by detecting the presence of luminescence. Suitable biolumi-
nescent compounds include, but are not limited to luciferin,
luciferase and aequorin.

In some embodiments, the label moiety comprises a fluo-
rescent dye. The fluorescent dye can comprise any entity that
provides a fluorescent signal and that can be used in accor-
dance with the methods and devices described herein. Typi-
cally, the fluorescent dye comprises a resonance-delocalized
system or aromatic ring system that absorbs light at a first
wavelength and emits fluorescent light at a second wave-
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length in response to the absorption event. A wide variety of
such fluorescent dye molecules are known in the art. For
example, fluorescent dyes can be selected from any of a
variety of classes of fluorescent compounds, non-limiting
examples include xanthenes, rhodamines, fluoresceins, cya-
nines, phthalocyanines, squaraines, bodipy dyes, coumarins,
oxazines, and carbopyronines. In some embodiments, for
example, where detection agents contain fluorophores, such
as fluorescent dyes, their fluorescence is detected by exciting
them with an appropriate light source, and monitoring their
fluorescence by a detector sensitive to there characteristic
fluorescence emission wavelength. In some embodiments,
the detection agents comprise fluorescent dye labeled anti-
bodies.

In embodiments, using two or more different detection
agents, which bind to or interact with different analytes, dif-
ferent types of analytes can be detected simultaneously. In
some embodiments, two or more different detection agents,
which bind to or interact with the one analyte, can be detected
simultaneously. In embodiments, using two or more different
detection agents, one detection agent, for example a 1° anti-
body, can bind to or interact with one or more analytes to form
a detection agent-analyte complex, and second detection
agent, for example a 2° antibody, can be used to bind to or
interact with the detection agent-analyte complex.

In some embodiments, two different detection agents, for
example antibodies for both phospho- and non-phospho-
forms of analyte of interest can enable detection of both forms
of the analyte of interest. In some embodiments, a single
specific detection agent, for example an antibody, can allow
detection and analysis of both phosphorylated and non-phos-
phorylated forms of a analyte, as these can be resolved in the
fluid path. In some embodiments, multiple detection agents
can be used with multiple substrates to provide color-multi-
plexing. For example, the different chemiluminescent sub-
strates used would be selected such that they emit photons of
differing color. Selective detection of different colors, as
accomplished by using a diffraction grating, prism, series of
colored filters, or other means allow determination of which
color photons are being emitted at any position along the fluid
path, and therefore determination of which detection agents
are present at each emitting location. In some embodiments,
different chemiluminescent reagents can be supplied sequen-
tially, allowing different bound detection agents to be
detected sequentially.

Analyte detection includes detection of the presence or
absence, measurement, and/or characterization of an analyte.
Typically, an analyte is detected by detecting a signal from a
label and includes, but is not limited to, detecting isotopic
labels, immune labels, optical dyes, enzymes, particles and
combinations thereof such as chemiluminescent labeled anti-
bodies and fluorescent labeled antibodies.

Detecting the analyte can be by any method known in the
art, so long as it is compatible with the methods and devices
described herein. Analyte detection can be performed by
monitoring a signal using conventional methods and instru-
ments, non-limiting examples include, a photodetector, an
array of photodetectors, a charged coupled device (CCD)
array, etc. For example, a signal can be a continuously moni-
tored, in real time, to allow the user to rapidly determine
whether an analyte is present in the sample, and optionally,
the amount or activity of the analyte. In some embodiments,
the signal can be measured from at least two different time
points. In some embodiments, the signal can be monitored
continuously or at several selected time points. Alternatively,
the signal can be measured in an end-point embodiment in
which a signal is measured after a certain amount of time, and
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the signal is compared against a control signal (sample with-
out analyte), threshold signal, or standard curve.

A signal can be a monitored, in real time, to allow the user
to rapidly determine whether an analyte is present in the
sample, and optionally, the amount or activity of the analyte.
In some embodiments, the signal can be measured from at
least two different time points. In some embodiments, the
signal can be monitored continuously or at several selected
time points. Alternatively, the signal can be measured in an
end-point embodiment in which a signal is measured after a
certain amount of time, and the signal is compared against a
control signal (sample without analyte), threshold signal, or
standard curve.

Typically, detecting the analyte comprises imaging the
fluid path. In some embodiments, the entire length of the fluid
path can be imaged. Alternatively, a distinct part or portion of
the fluid path can be imaged. The amount of the signal gen-
erated is not critical and can vary over a broad range. The only
requirement is that the signal be measurable by the detection
system being used. In some embodiments, a signal can be at
least 2-fold greater than the background. In some embodi-
ments, a signal between 2 to 10-fold greater than the back-
ground can be generated. In some embodiments, a signal can
be 10-fold greater than the background.

In some of the embodiments described below, a fluid path
comprises a gel. Alternatively, a gel is contained within a fluid
path. A gel can be used to resolve analytes in the fluid path by
a process of sieving. Alternatively a gel is formed during
analyte capture after an electrophoretic separation such as
IEF. The gel can comprise any component monomer that is
capable of being polymerized, such as acrylamide, sugars,
etc., and combinations thereof. Thus, the gel can comprise
any component monomer known in the art, so long as it is
compatible with the methods and devices described herein.
The gel can be cross-linked, forming a rigid or semi-rigid
matrix, or entangled, comprised substantially or entirely of
linear chains with little or no cross-linking between chains.

In some embodiments, the gel comprises a reactive group
that is capable of forming a covalent linkage with an analyte
of interest. In some embodiments, the gel is contained within
a capillary and the reactive group may also form a covalent
linkage with the wall of the capillary, such as to attach an
analyte to the wall of the capillary. In embodiments employ-
ing two or more reactive moieties, each reactive moiety can be
the same, or some or all of the reactive moieties may differ.

In some embodiments, the gel may also contain labile
groups. The labile groups may allow the gel to be disrupted
after electrophoresis, such that all or a portion of the gel may
be removed to create an open lumen or porous structure
through which materials may be flowed. In some embodi-
ments, the gel is contained within a capillary or channel and
attaches to a wall or surface of the same, and labile groups in
the gel may exist on portions of the gel that are outside the
region of polymer attaching analyte molecules to the wall or
surface. Thus, the reactive moiety may bind analyte mol-
ecules to the wall of a capillary via a portion of the gel, while
portions of the gel not attached to the wall may be flushed
from the capillary. The gel precursor can be supplied in solu-
tion or suspension, and may form bridges between the wall
and the molecules in the sample upon activation.

In some embodiments, a gel is synthesized within a fluid
path. The gel may be adsorbed to the wall of the fluid path, or
may be covalently linked to it. The wall of the fluid path to
which the gel is bound may either be bare glass, or the wall
may itself be derivatized with a material to facilitate adsorp-
tion of the gel or covalent linkage to the gel to the wall.
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In some of the embodiments described below, a fluid path
comprises a molecule in solution capable of simultaneously
binding resolved analytes and the wall of the fluid path. The
molecule in solution may comprise one or more reactive
moieties. A reactive moiety can be used to covalently immo-
bilize the resolved analyte or analytes in the fluid path. A
reactive moiety can be used to covalently immobilize the
molecule in solution to the wall of the fluid path. The reactive
moiety can comprise any reactive group that is capable of
forming a covalent linkage with a corresponding reactive
group of individual molecules of the sample or of the wall of
the fluid path. Thus, the reactive moiety can comprise any
reactive group known in the art, so long as it is compatible
with the methods and devices described herein. In some
embodiments, the reactive moiety comprises a reactive group
that is capable of forming a covalent linkage with a corre-
sponding reactive group of an analyte of interest. In embodi-
ments employing two or more reactive moieties, each reactive
moiety can be the same, or some or all of the reactive moieties
may differ. The reactive moiety can be attached directly or
indirectly to the fluid path.

In some embodiments, the reactive moiety is supplied in
solution or suspension, and forms bridges between the wall of
the fluid path and the molecules in the sample upon activation.
The molecule may or may not be covalently linked to the wall
of the fluid path before and/or after activation. Suitable mol-
ecules include but are not limited to any one or more of:
monomer, oligomer, polymer, or co-polymer of two or more
monomers.

A wide variety of reactive moieties suitable for covalently
linking two molecules together are well-known. The actual
choice of reactive moieties will depend upon a variety of
factors, and will be apparent to those of skill in the art given
the teaching of the present invention. For example, the reac-
tive moiety can bind to carbon-hydrogen (C—H) bonds of
proteins. Since many separation media also contain compo-
nents with C—H bonds, chemistries that react with sulthydryl
(S—H) groups may be advantageous in that S—H groups are
found uniquely on proteins relative to most separation media
components. Chemistries that react with amine or carboxyl
groups may also be advantageous due to the prevalence of
such groups on proteins.

Suitable reactive moieties include, but are not limited to
any one or more of: photoreactive groups, chemical reactive
groups, and thermoreactive groups. Photoimmobilization in
the fluid path can be accomplished by the activation of one or
more photoreactive groups. A photoreactive group comprises
one or more latent photoreactive groups that upon activation
by an external energy source, forms a covalent bond with
other molecules. See, e.g., U.S. Pat. Nos. 5,002,582 and
6,254,634, the disclosures of which are incorporated herein
by reference. The photoreactive groups generate active spe-
cies such as free radicals and particularly nitrenes, carbenes,
and excited states of ketones upon absorption of electromag-
netic energy. In some embodiments, photoreactive groups are
chosen that are responsive to various portions of the electro-
magnetic spectrum, such as those responsive to ultraviolet,
infrared and visible portions of the spectrum. For example,
upon exposure to a light source, the photoreactive group can
be activated to form a covalent bond with an adjacent mol-
ecule.

Suitable photoreactive groups include, but are not limited
to any one or more of: aryl ketones, azides, diazos, diazirines,
and quinones.

In some embodiments, the photoreactive group comprises
aryl ketones, such as benzophenone, acetophenone,
anthraquinone, anthrone, and anthrone-like heterocycles or
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their substituted derivatives. Benzophenone is a preferred
photoreactive moiety, since it is capable of photochemical
excitation with the initial formation of an excited singlet state
that undergoes intersystem crossing to the triplet state. The
excited triplet state can insert into carbon-hydrogen bonds by
abstraction of a hydrogen atom to create a radical pair. The
subsequent collapse of the radical pair leads to formationof a
new carbon-carbon bond. If a reactive bond (e.g., carbon-
hydrogen) is not available for bonding, the ultraviolet light-
induced excitation of the benzophenone group is reversible
and the molecule returns to ground state energy level upon
removal of the energy source.

In some embodiments, the photoreactive group comprises
any one or more of azides, such as arylazides such as phenyl
azide, 4-fluoro-3-nitrophenyl azide, acyl azides such as ben-
zoyl azide and p-methylbenzoyl azide, azido formates such as
ethyl azidoformate, phenyl azidoformate, sulfonyl azides
such as benzenesulfonyl azide, and phosphoryl azides such as
diphenyl phosphoryl azide and diethyl phosphoryl azide.

In some embodiments, the photoreactive group comprises
diazo compounds and includes diazoalkanes such as diaz-
omethane and diphenyldiazomethane, diazoketones such as
diazoacetophenone and 1-trifluoromethyl-1-diazo-2-pen-
tanone, diazoacetates such as t-butyl diazoacetate and phenyl
diazoacetate, and beta-keto-alpha-diazoacetates such as t-bu-
tyl alpha diazoacetoacetate.

In some embodiments, the photoreactive group comprises
diazirines such as 3-trifluoromethyl-3-phenyldiazirine. In
some embodiments, the photoreactive group comprises
ketenes such as diphenylketene.

In some embodiments, the photoreactive group comprises
any one or more of: N-((2-pyridyldithio)ethyl)-4-azidosali-
cylamide; 4-azido-2,3,5,6-tetrafluo-robenzoic acid; 4-azido-
2,3,5,6-tetrafluorobenzyl amine; benzophenone-4-maleim-
ide; benzophenone-4-isothiocyanate, or; 4-benzoylbenzoic
acid.

FIGS. 1la to 1d illustrate exemplary embodiments of
resolving, immobilizing and labeling cellular materials in a
capillary. FIG. 1a is a longitudinal cross-sectional illustration
of'a capillary 10 which is lined with a photoreactive group 12.
Located within a fluid inside the capillary is a mixture of
cellular proteins 14 of differing electrophoretic mobility as
indicated by the different shading. In FIG. 15 an electric field
has been applied to the fluid to separate the proteins in accor-
dance with their isoelectric points by isoelectric focusing
(IEF) into groups 14a, 145, and 14¢. In FIG. 1¢ light 15 at the
appropriate wavelength is applied to activate the photoreac-
tive group which, when activated as indicated at 124, binds
the proteins 14 at their separated locations within the capil-
lary. Detection antibodies 16 carrying a label are then flowed
through the capillary as indicated by arrow 18 in FIG. 1d. The
detection antibodies 16 will bind to the proteins 14 they
encounter as shown in FIG. 1d. When the detection antibodies
contain chemiluminescent label, the bound proteins are then
labeled in their bound locations for luminescent detection. In
this embodiment, a stream of chemiluminescence reagents
can be flowed through the capillary, reacting when encoun-
tering the label linked to the proteins. The luminescence from
the sites of the proteins is detected by a photon detector and
recorded, enabling identification of the proteins by the light
emitted from their bound locations. The technique advanta-
geously permits the identification of cellular materials and, in
the case where modification of cellular materials (substrates)
is being monitored, allows the use of these native substrates
without the need to introduce any identification substances
prior to the separation of the cellular materials by IEF.
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Generally, the methods described herein yield results simi-
lar to those obtained by a Western blot but in a fraction of the
time. For example, the separation of cellular materials by IEF
can take 5 minutes or less, and subsequent immobilization
takes 2 minutes or less. This means that the detection agents
can be linked to the separated sample within 10 minutes or
less of the commencement of separation, and that the detec-
tion agents can be analyzed within 30 minutes of the separat-
ing step. The entire process is faster, simpler, more sensitive,
more accurate and more automatable than the Western blot
analytical technique. The immobilization step obviates the
need to assess the detection agents (such as enzyme-labeled
antibodies) for homogeneity of molecular form prior to use
and Obviates the need for excessive purification not typical of
these types of reagents. Thus, less costly probing antibodies
can be used in the methods described herein.

While the separation technique shown in the previous
embodiment is isoelectric focusing, free solution electro-
phoresis, sieving electrophoresis, or micellar electrokinetic
chromatography for example, may also be used to resolve the
analytes.

In some embodiments, methods of detecting at least one
analyte is provided, comprising, resolving one or more pro-
teins in a fluid path, immobilizing the analytes in the fluid
path; and contacting the immobilized analytes with detection
agents to form one or more detection agent-analyte com-
plexes in the fluid path, and detecting the analyte. In some
embodiments, the detection agent comprises a label. In some
embodiments, the method further comprises contacting the
detection agent-analyte complex with a labeled detection
agent. In some embodiments, the method comprises detecting
a chemiluminescent signal. In some embodiments, the
method comprises detecting a fluorescent signal.

In some embodiments, methods of detecting at least one
protein of interest in a sample are provided, comprising:
resolving one or more proteins in a capillary, photoimmobi-
lizing the proteins in the capillary, and contacting the immo-
bilized proteins with antibodies to form one or more anti-
body-protein complexes in the capillary and detecting the
protein. In some embodiments, the antibodies comprise a
label. In some embodiments, the method further comprising
contacting the antibody-protein complex with a labeled anti-
body. In some embodiments, the method comprises detecting
a chemiluminescent signal. In some embodiments, the
method comprises detecting a fluorescent signal.

In some embodiments, methods of detecting at least one
analyte in a sample are provided, comprising: resolving one
or more analytes in a fluid path, wherein the fluid path com-
prises one or more reactive groups and, optionally, polymeric
or polymerizable materials comprising one or more reactive
groups, and immobilizing the analytes in the fluid path and
contacting detection agents to the immobilized analytes and
detecting the analytes.

FIG. 2a-b illustrate exemplary embodiments of immobi-
lizing resolved analytes, in a polymeric material in a capillary.
FIG. 2a illustrates a longitudinal cross section of a capillary
10. The upper panel shows capillary 10 walls coated on their
interior surface with a photoreactive group 12, represented by
closed ovals. A suitable, non-limiting example of such mate-
rial is polyacrylamide containing photoreactive groups, such
as benzophenone moieties. Also present in FIG. 2a are poly-
meric materials 24 in solution, represented by four-armed
structures terminated in circles, where the circles represent
photoreactive groups 12. A suitable, non-limiting example of
such material is branched polyethylene glycol bearing pho-
toreactive groups 12 such as benzophenone, ATFB (see FIG.
31), etc. Photoactive group 12 of the wall coating needs not be
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the same photoactive group 12 contained in the polymeric
material 24. In addition, two bands of resolved proteins 14a,
145 are shown, represented by the cross-hatched structures.
FIG. 256 shows the structures described above after photoac-
tivation 15. Activation of the photoreactive groups is depicted
by the concave semicircular structures 12a on both the walls
and the polymeric materials filling the capillary. Many of
these photoreactive groups 12a are associated with each
other, with lengths of polymer, and with the proteins in bands,
effectively cross-linking each of these together. Thus, the
resolved protein bands are bound in place via a loose network
of covalent bonds and polymeric materials.

in some embodiments the initial concentration of'the poly-
meric material 24 is high enough to form a gel after activation
15. In such implementations, it is desirable that the network
form open-pored structures permitting the movement of
materials such as detection agents, and/or antibodies, through
the loose network. In another embodiment the initial concen-
tration of material 24 is below the point were a gel will form
upon activation 15, whereupon analytes 14a and 145 will be
captured in a manner such as forming a film, to the inner
surface of the capillary 10. Uncaptured material can be
flushed out by pressure.

While photoreactive groups are shown on both the wall and
on the polymer molecules in solution, the method may also be
practiced with reactive groups in solution only, which by
nature of their reactive character, may bind to both analytes
and to the wall of the fluid channel, thus immobilizing ana-
lytes to the wall. Further, in an alternative to photoimmobili-
zation, the reactive groups may be activated by thermal acti-
vation, chemical activation, or other triggerable means.

FIGS. 3a-# illustrate exemplary embodiments for detect-
ing one or more analytes in a fluid path. FIG. 3a illustrates a
capillary 10 and a sample 1 comprising a mixture of compo-
nents containing one or more analytes of interest. FIG. 36
illustrates loading the sample 1 into the capillary 10 by cap-
illary action. FIG. 3¢ illustrates the sample 1 loaded capillary
10, comprising one or more reactive moieties, extending
between two fluid-filled wells or troughs 20a, 205. The com-
ponents of the sample 1 are separated such that the analyte 1a
or analytes 1a and 15 of interests are resolved by one or more
electrodes in contact with a solution on one side of the cap-
illary 10 and another one or more electrodes is in contact with
a solution on the other side of the capillary 10 as illustrated in
FIG. 3d. FIG. 3e illustrates the activation of one or more
reactive moieties capable of immobilizing the analytes 1a and
15 of interests in the capillary 10. Detection agents 2 are then
flowed through the capillary 10 as indicated by the arrow in
FIGS. 3f and 3g. Detection agents 2 are then detected 3,
enabling detection of the analyte of interest in their immobi-
lized locations in the capillary by the signal emitted as illus-
trated in FIG. 34.

FIG. 4 illustrates an exemplary embodiment of method for
analyzing cellular materials. In step 61 the cellular materials
to be analyzed are located at one end of a capillary. In step 61a
the cellular materials are loaded in to the capillary. In step 62
the cellular materials are separated within the capillary, for
example by IEF. In step 63 the separated materials are immo-
bilized in the capillary. In step 64 detection agents, for
example reporter antibodies, are bound to the immobilized
analytes, such as proteins in the capillary. In step 65 a chemi-
luminescent reagents, or other detection agents, are flowed
through the capillary to produce the event to be detected, such
as chemiluminescence. The emitted light is then detected in
step 66.

FIG. 5 illustrates an exemplary embodiment of a method of
analyzing cell(s). In step 60 one or more cells to be analyzed
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are positioned at the end of'a capillary. In step 60a one or more
cells are drawn into the capillary and are lysed. In step 62 the
cellular materials are separated within the capillary, for
example by IEF. In step 63 the separated materials are immo-
bilized in the capillary. In step 64 detection agents, for
example reporter antibodies, are bound to the immobilized
analytes, such as proteins in the capillary. In step 65 a chemi-
luminescent reagent, or other detection agents, are flowed
through the capillary to produce the event to be detected, such
as chemiluminescence. The emitted light is then detected in
step 66.

FIG. 6 illustrates an exemplary embodiment of a method
for analyzing cellular materials. In step 61 the cellular mate-
rials to be analyzed are located at one end of a capillary. In
step 61a the cellular materials are loaded into the capillary. In
step 62 the cellular materials are separated within the capil-
lary, for example by IEF. In step 63 the separated materials are
immobilized in the capillary. In step 64 detection agents, for
example reporter antibodies, are bound to the immobilized
analytes, such as proteins in the capillary. In step 65a fluoro-
phores on the detection agents, for example fluorescent
labeled antibodies, are excited with light. The emitted light is
then detected in step 66.

FIG. 7 illustrates an exemplary embodiment of analyzing
cells. In step 60 one or more cells to be analyzed are posi-
tioned at the end of a capillary. In step 60a one or more cells
are drawn into the capillary and are lysed. In step 62 the
cellular materials are separated within the capillary, for
example proteins are resolved by IEF. In step 63 the separated
materials are immobilized in the capillary. In step 64 detec-
tion agents, for example reporter antibodies, are bound to the
immobilized analytes, such as proteins in the capillary. In step
65a fluorophores on the detection agents, for example fluo-
rescent labeled antibodies, are exited with light. The emitted
light is then detected in step 66.

FIG. 8 illustrates an exemplary embodiment in which
labeled cellular materials are released from the cell at the
moment of their introduction into the capillary. The cellular
materials are then separated and immobilized. In step 91 one
or more cells containing detection agents are located at one
end of a capillary. The cell or cells are then lysed in step 92 to
release their labeled proteins and transported in the capillary.
In step 93 the cellular materials are separated, for example
within the capillary by IEF. In step 94 the separated materials
are immobilized in the capillary. In step 95 a chemilumines-
cent reagent is then flowed through the capillary to produce
photons by chemiluminescence. The emitted photons are then
detected in step 96.

FIG. 9 illustrates an exemplary embodiment in which ana-
lytes are labeled prior to separation. In step 101 one or more
cells are located at one end of a capillary. The cell or cells are
then lysed in step 102 to release their contents. In step 103
detection agents are bound to the released cellular contents,
for example proteins. In step 104 the cellular materials are
separated within the capillary by IEF. In step 105 the sepa-
rated labeled materials are immobilized in place in the capil-
lary. In step 106 a chemiluminescence substrate is then flowed
through the capillary to produce photons by chemilumines-
cence. The emitted photons are then detected in step 107.

FIG. 10 illustrates an exemplary embodiment for chemilu-
minescent detection of analytes. In step 302 an ampholyte
reagent for the pH gradient is loaded into the fluid path. In step
304 enzyme-labeled antibodies able to catalyze chemilumi-
nescence and able to bind the analyte of interest are loaded
into the fluid path. The cell contents are loaded into the fluid
path in step 306, whereupon the enzyme-tagged antibodies
will bind with the analyte or analytes of interest. A focusing
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isoelectric field is applied in step 308 to resolve and then
immobilize the enzyme-tagged antibodies and analytes in a
pH gradient. A chemiluminescent substrate compatible with
the enzyme-labeled antibodies is supplied in step 310 and
chemiluminescent emissions are then detected from the inter-
action of the chemiluminescent substrate with the enzyme-
labeled antibodies and bound to analyte in step 312. In some
embodiments, the analyte is immobilized by IEF and the
chemiluminescent reagent is flowed through the fluid path by
carryings it’s own charge at all pH’s of the gradient.

FIG. 11 illustrates an exemplary embodiment for chemilu-
minescent detection of analytes. In this embodiment, a cell is
lysed into or at the inlet of a capillary in step 402. The lysis
releases cellular contents which react with detection agents,
for example chemiluminescent labeled antibodies, in step
404. The labeled and bound cellular contents are resolved in
the capillary by isoelectric focusing in step 406. In step 408 a
chemiluminescent reagent is supplied which will react with
the enzyme of'the antibodies bound to the cellular contents. In
this embodiment, the analyte is immobilized by IEF and the
chemiluminescent reagent is flown through the fluid path by
carryings it’s own charge at all pH’s of the gradient. In step
410 chemiluminescence is detected with a photon detector
such as a photocell or CCD array detector.

A new embodiment is described with reference to FIGS.
23ato 23¢ which illustrate examples of resolving analytes in
a sieving gel matrix of the invention, immobilizing resolved
analytes to components of the gel matrix while immobilizing
components of the gel matrix to the fluid path, disrupting the
gel matrix, washing components not bound to the fluid path
out of the fluid path, and labeling bound analyte materials, in
accordance with some embodiments of the present invention.
FIG. 23a illustrates a longitudinal cross section of a capillary
10 filled with sieving gel matrix 325 containing activatable
groups 12 represented by closed circles. A suitable, not lim-
iting example of such a material is polyacrylamide containing
one or more photoreactive groups, such as benzophenone
moieties. FIG. 235 shows the structure described above after
photoactivation and disruption of the gel matrix. In addition,
two bands of resolved proteins 14a and 145 are shown, rep-
resented by the cross-hatched structures. Activation of the
photoreactive groups resulting in attachment to either
resolved protein or to the wall of the fluid path is depicted by
the gray shading of the circles 125 representing activatable
groups. Many of these photoreactive groups remain unre-
acted represented by open circles. Some of these photoactive
groups 12¢ bind sections of gel matrix to protein, but not to
the wall of the fluid path. Some of these photoactive groups
124 bind to the wall of the fluid path but not to protein. Some
of these photoreactive groups 12e bind proteins to the fluid
path via segments of the gel matrix. Thus in FIG. 4¢ washing
eliminates protein and gel matrix components that are not
bound to the wall of the fluid path. Protein bound to segments
of fluid path in turn bound to the wall of the fluid path remain
15, and are bound by detection molecules such as enzyme
labeled antibodies 16 that are flowed into the fluid path via the
open lumen or porous structure created by disrupting the gel
matrix.

Alternative to photoimmobilization, the reactive group
may be activated by thermal activation, chemical activation,
or other triggerable means. Disruption of the gel may be by
melting, cleavage of photolabile linkages in the polymer, or
cleavage oflabile linkages by other means such as by thermal
or chemical means. Disruption may be by physical means
such as pressure or vacuum pressure. The labile groups may
be the same as or different than the photoactivatable or oth-
erwise triggerable binding moieties.
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FIGS. 24a and 24b are images of capillaries in which a
fluorescently-labeled (Alexa 555) antibody has been sepa-
rated by IEF and then captured to the capillary wall and within
a gel in accordance with some embodiments of the present
invention. The gel was then disrupted to allow detection
reagents to pass through the capillary. The image clearly
shows a channel formed through the capillary. FIG. 24c is a
fluorescent scan along the length of the capillary to detect
immobilized protein as fluorescent peaks within the capillary.
This shows that protein has been focused and captured to the
wall and gel within the fluid path. FIG. 244 is a fluorescent
scan of the same capillary following probing with an antibody
to the first protein. The second antibody was labeled with a
different and distinguishable dye, Alexa 647. Concordance of
the peaks demonstrates that we have enabled detection of an
immobilized protein within a gel in a fluid path following an
electrophoretic separation.

FIG. 25 illustrates an example of a method for detecting
one or more analytes in a fluid path according to embodiments
of the present invention. In step 61 the materials to be ana-
lyzed are located at one end of a fluid path. In step 61a the
materials are loaded in to the fluid path. In step 62 the analyte
materials are separated within the fluid path, for example by
IEF. In step 63, polymerization of materials in the fluid path is
initiated, causing some of the analyte materials to be bound to
newly-formed polymer, which in turn; binds to the wall of the
fluid path, thus immobilizing a portion of the analyte mate-
rial. In step 64, materials such as polymer that is formed but
that has not formed bonds to the wall of the fluid path are
washed away, creating an open lumen or porous structure
through which fluids may flow. In step 65 detection agents,
for example reporter antibodies, are flowed through the fluid
path, and allowed to bind to the analytes immobilized in the
fluid path. In step 66 chemiluminescent reagents are flowed
through the fluid path to produce chemiluminescence. The
emitted light is then detected in step 67.

FIG. 26 illustrates another example of a method for detect-
ing one or more analytes in a fluid path according to embodi-
ments of the present invention. In step 61 the materials to be
analyzed are located at one end of a fluid path. In step 61a the
materials are loaded in to the fluid path. In step 62 the analyte
materials are separated within the fluid path, for example by
IEF. In step 63, polymerization of materials in the fluid path is
initiated, causing some of the analyte materials to be bound to
newly-formed polymer, which in turn, binds to the wall of the
fluid path, thus immobilizing a portion of the analyte mate-
rial. In step 64, materials such as polymer that is formed but
that has not formed bonds to the wall of the fluid path are
washed away, creating an open lumen or porous structure
through which fluids may flow. In step 65 detection agents,
for example fluorescent reporter antibodies, are flowed
through the fluid path, and allowed to bind to the analytes
immobilized in the fluid path. In step 68 excitation light is
applied to excite fluorescence of the reporter antibody. The
emitted light is then detected in step 69.

FIG. 27 illustrates another example of a method for detect-
ing one or more analytes in a fluid path according to other
embodiments of the present invention. In step 70 the materials
to be analyzed are located at one end of a gel-filled fluid path.
In step 71 the analyte materials are loaded into the end of the
gel-filled fluid path. In step 72 the analyte materials are sepa-
rated within the gel-filled fluid path by gel electrophoresis. In
step 73 the separated materials are immobilized in the fluid
path, attaching either to the gel, to the wall of the fluid path, or
both. Simultaneously or in the subsequent step, the gel is
disrupted, by the application of UV light, heat, or other
means. [n step 74, unbound materials including disrupted gel
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and analyte attached to it are washed away, creating an open
lumen or porous structure through which fluids may flow. In
step 75 detection agents, for example reporter antibodies, are
flowed through the fluid path, and allowed to bind to the
analytes immobilized in the fluid path. In step 76 chemilumi-
nescent reagents are flowed through the fluid path to produce
chemiluminescence. The emitted light is then detected in step
77.

FIG. 28 illustrates another example of a method for detect-
ing one or more analytes in a fluid path. In step 70 the mate-
rials to be analyzed are located at one end of a gel-filled fluid
path. In step 71 the analyte materials are loaded into the end
of'the gel-filled fluid path. In step 72 the analyte material’s are
separated within the gel-filled fluid path by gel electrophore-
sis. In step 73 the separated materials are immobilized in the
fluid path, attaching either to the gel, to the wall of the fluid
path, or both. Simultaneously or in the subsequent step, the
gel is disrupted, by the application of UV light, heat, or other
means. In step 74, unbound materials including disrupted gel
and analyte attached to it are washed away, creating an open
lumen or porous structure through which fluids may flow. In
step 75 detection agents, for example fluorescent reporter
antibodies, are flowed through the fluid path, and allowed to
bind to the analytes immobilized in the fluid path. In step 78
excitation light is applied to excite fluorescence of the
reporter antibody. The emitted light is then detected in step
79.

For all of the above examples, when the fluid path is a
capillary, it is preferably made from a transparent low fluo-
rescence material such as glass that is also rigid and straight.
Various inside diameters and lengths are commonly used. In
some embodiments the dimension of the inside diameter is in
the range of approximately 10 um to 1 mm, and the length is
in the range of approximately 30 mm to 100 mm. In one
example, a capillary is 50 mm in length with an internal
diameter of 100 pm, giving the capillary an internal volume of
393 nanoliters. Various cross sectional shapes of the capillary,
both inside and outside, are also possible. One could also use
different materials such as plastic, and the like. In an alterna-
tive implementation a microfabricated device may be used in
place of individual capillaries or a combination thereof.
Microfabricated devices are fabricated with internal capillary
channels whose dimensions would be similar to those
described previously for capillary fluid paths. A microfabri-
cated device can be fabricated from various materials such as
silicon, glass or plastic and may contain integrated electrodes,
electronics, fluid reservoirs and valves. They may be dispos-
able or re-usable devices. Microfabricated devices may com-
prise from one to hundreds of channels that can be control-
lable individually or in parallel or some combination thereof.
A typical microfabricated device contains wells for adding
samples or other reagents. External electrodes may also be
inserted into these wells. As with capillaries, the cross section
of'a microfabricated device channel is not constrained to any
particular shape.

FIG. 29 illustrates the exemplary chemical structures of
acrylamide and acryloyl-benzophenone that can form a
copolymer able to bind to analytes or to the wall of a fluid path
in accordance with some embodiments of the present inven-
tion. In illustrative embodiments, acrylamide is chosen as a
hydrophilic monomer that provides a suitable environment
for the separation of biomolecules. The photochemically
active group benzophenone is incorporated into the polymer
structure by radical copolymerization of acrylamide and
acryloyl-benzophenone to form a photochemically active
polymer.
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FIG. 30 illustrates the synthesis of acrylamide benzophe-
none monomer used in the formation of acrylamide-ben-
zophenone copolymer according to some embodiments of the
present invention. A succinyl group is shown attached by a
linker to a benzophenone subunit in 33. A divalent primary
amine as shown in 31 is reacted with (BOC),O to form a
BOC-protected primary amine 32. The resulting BOC-pro-
tected primary amine 32 is reacted with the benzophenone
molecule, causing the succinyl group to be replaced with a
linker as shown in 34. By further reaction the BOC protecting
group is removed and an acrylamide moiety is added, causing
the acrylamide group to be linked to the benzophenone in the
final product 35. Other polymers which may be used in place
of the acrylamides include methylacrylamide, vinyl pyrroli-
done, carbohydrates such as dextran, and combinations
thereof.

FIG. 31 shows the chemical structure of one monomer
suitable for polymerization within a capillary according to
some embodiments of the present invention. The structure
comprises branched polyethylene glycol (TetraPEG) mol-
ecule with an azido-tetrafluoro-benzoate (ATFB) moiety on
the terminal end of each branch. When exposed to UV light
this molecule is capable of binding to both analytes and
coatings on the surface of capillaries simultaneously. At
higher concentrations this molecule will form a gel, further
immobilizing analytes in a permeable matrix.

Variations of order of the steps of the methods described
herein will readily occur to those skilled in the art. For
example, the sample can be separated and then the analyte(s)
immobilized at their resolved locations in the fluid path, prior
to contacting the analyte(s) with the detection agents. In some
embodiments, detection agents are contacted with the ana-
lyte(s) to form a complex and then the complex is resolved in
the fluid path. In some embodiments, the detection agents
could be preloaded into the sample thereafter loaded into the
system. As another example, the resolving step, such as iso-
electric focusing can be applied after the chemiluminescent
reagents are supplied.

Also provided herein are methods of detecting at least one
protein in a sample, characterized in that: one or more pro-
teins are resolved from the sample in a capillary and the
proteins are photoimmobilized in the capillary and antibodies
are conveyed through said capillary which bind to or interact
with the proteins or an antibody-protein complex and permit
the detecting of the proteins while immobilized in said cap-
illary.

Also, provided herein are methods of detecting at least one
protein in a sample, comprising concentrating one or more
analytes in a fluid path, immobilizing one or more analytes in
the fluid path; and contacting the immobilized analyte with
detection agents, and detecting the analyte of interest.

As used herein, concentrating means to make less dilute.
Methods of concentrating a sample are well known to those of
ordinary skill in the art, and may include, but are not limited
to, various kinds of electrophoresis and isoelectric focusing
etc.

Also provided are methods of detecting at least one protein
in a sample, comprising, concentrating one or more proteins
in a fluid path, immobilizing the proteins in the fluid path, and
contacting the immobilized protein with antibodies to form
one or more antibody-protein complexes in the fluid path, and
detecting the protein.

Devices

Provided herein are systems and devices for detecting one
or more analytes in a sample. The device generally comprises
a fluid path; a power supply for applying a voltage along the
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fluid path for separating individual components of a sample in
the fluid path; and a detector capable of detecting analyte(s) in
the fluid path.

Also provided is a system for detecting at least one analyte
of interest in a sample, comprising a fluid path comprising
one or more reactive groups capable of immobilizing one or
more analytes, a power supply for applying a voltage along
the fluid path capable of resolving one or more analytes in the
fluid path; and a detector capable of detecting the analyte(s) in
said fluid path.

Also provided is a system for detecting at least one analyte
of interest in a sample, comprising a fluid path comprising
one or more reactive groups capable of immobilizing one or
more analytes, a power supply for applying a voltage along
the fluid path capable of concentrating one or more analytes in
the fluid path; and a detector capable of detecting the ana-
lyte(s) in said fluid path

FIG. 12a illustrates an exemplarily embodiment wherein
the fluid path comprises a capillary between fluid filled wells
and electrodes. A capillary 10 comprising one or more reac-
tive moieties extends between two fluid-filled wells or
troughs 20qa, 205. A sample is placed in one of the troughs,
preferably at the orifice of the capillary. For example, the
sample can be cellular contents that have been loaded into the
capillary. In some embodiments, the one or more cells are
drawn into the capillary and lysed in-situ. In some embodi-
ments, one or more cells may be placed in a well, trough or
capillary opening and lysed to release the cellular contents.
The sample is then flowed through the capillary as by elec-
trophoresis and separated within the capillary, forexample by
isoelectric focusing. An electrode 22a, 226 is located in the
solution at each end of the capillary to apply the electric field
necessary for electrophoresis and isoelectric focusing. The
detection agents used to label the analyte of interest can be
located in the other trough, preferably after separation and
immobilization have taken place, and flowed through the
capillary by electrophoresis, electroendosmotic flow, or
hydrodynamic flow (typically achieved by siphoning or
pumping). In some embodiments, the detection agents can be
loaded into the capillary from a vessel, such a test tube. The
detection agents are then introduced into one of the troughs
and flowed through the capillary to elicit the detection events.

FIG. 1254 illustrates an exemplary embodiment comprising
an array of capillaries 30 extending between a plurality of
wells 324, on one side and another plurality of wells 325 on
the other side. In some embodiments an array of capillaries
can be extended between a trough, on one side and another
trough on the other side. In some embodiments, an array of
capillaries can extended between a common buffer reservoir,
on one side and another common buffer reservoir on the other
side. One or more electrodes 34a is in contact with the solu-
tion on one side of the capillaries and another one or more
electrodes 345 is in contact with the solution on the other side
of'the capillaries. A portion of the electrodes may be integral
to the reservoir structure. The reservoirs and capillaries are
located on or in a substrate 36 such as a slide.

FIG. 13 is an exemplary embodiment, the separation and
detection of antibody-analyte complexes within a capillary
122 is illustrated in a longitudinal cross-sectional view of a
section of the capillary. Located at positions along the capil-
lary 122 are antibody-analyte complexes 160. Each antibody-
analyte complex 160 has a net charge 164 which determines
the charge-neutral location 1625 to which the complex will
migrate. Each complex is located at its charge-neutral loca-
tion162a,1625,162¢ in the pH gradient created by isoelectric
focusing of the ampholyte reagent. The applied voltage
potential focuses the analytes into narrow bands at these
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isoelectric locations as illustrated in the drawing. Passing
through the capillary are chemiluminescent substrates 170
which travel in electrophoretic flow direction 172. When a
chemiluminescent substrate 170 encounters a labeled anti-
body-analyte complex 160 such as a peroxidase enzyme
attached to an electrofocused antibody-protein complex, the
chemiluminescent substrate is converted to a product plus
light. The substrate 170a represents a chemiluminescent sub-
strate which is being converted. The conversion causes light
180 to be emitted by the substrate 170a. Substrate products
1705 which result from such conversions continue to flow in
the direction of arrow 172. This process continues as long as
unconverted chemiluminescent substrates 170 continue to
flow through the capillary and encounter new chemilumines-
cent enzymes with which to react.

FIG. 14 illustrates an exemplary analytical device. An
array of capillaries 40 which are loaded with the necessary
one or more reactive moieties to immobilize the analytes,
buffer, and sample to be analyzed is located in a light-tight
box 42. A controllable power supply 46 is coupled to the
electrodes on either end of the capillaries to apply the voltages
needed to separate the sample and to flow the detection agents
and/or chemiluminescent reagents through the capillaries. A
voltage is applied to flow the sample into the capillary and to
separate the sample, for example by isoelectric focusing.
Alternatively, the sample may be loaded into the capillary by
hydrodynamic flow and thereafter separated, for example by
isoelectric focusing. An energy source (not shown) capable of
activating the reactive moieties is provided. For example, a
light source such as an ultraviolet lamp provides illumination
inside the box to immobilize the individual components of the
sample in their separated locations. In some embodiments,
the system comprises a light source for induction of fluores-
cent label. One or more detection agents, such as those
described herein, are introduced into the wells at one end of
the capillaries and flowed through the capillaries, binding to
the analytes. In some embodiments, detection reagent is
introduced into the wells and flowed through the capillaries.
In some embodiments, detection agents may be introduced
from separate smaller wells. Additional smaller wells can be
used to conserve detection agents. Viewing the capillaries
within the box 42 to receive the photons emitted from the
immobilized analytes and detection molecules is a CCD cam-
era 44. The system is controlled by a computer 48 which
switches the power supply 46 and the light, controls the
application of detection molecules and reagents, and records
and analyzes the photon signals received by the CCD camera
44. Similarly, a light source for induction of fluorescence of
molecular standards run in the separation may allow detection
with the same CCD camera used to detect chemilumines-
cence-produced light. Internal standards serve to calibrate the
separation with respect to isoelectric point, or for an alterna-
tive separation mode, molecular weight. Internal standards
for IEF are well know in the art, for example see, Shimura, K.,
Kamiya, K., Matsumoto, H., and K. Kasai (2002) Fluores-
cence-Labeled Peptide pl Markers for Capillary Isoelectric
Focusing, Analytical Chemistry v 74: 1046-1053, and U.S.
Pat. No. 5,866,683. Standards to be detected by fluorescence
could be illuminated either before or after chemilumines-
cence, but generally not at the same time as chemilumines-
cence.

In some embodiments, the analyte and standards are
detected by fluorescence. The analyte and standards can each
be labeled with fluorescent dyes that are each detectable at
discrete emission wavelengths, such that the analyte and stan-
dards are independently detectable.
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FIG. 15 is an exemplary embodiment in which the photons
emitted from the detection molecules are received by a CCD
array located beneath the capillary array 40. The CCD array
52 is monitored by a CCD controller 54 which provides
amplified received signals to the computer 48.

FIG. 16 illustrates an exemplary embodiment of an ana-
Iytical device for capillary detection of cellular material by
chemiluminescence. The system 110 comprises a microscope
112 having a video ocular readout 114 such as a CCD camera
displayed on a CRT screen and/or recorded by a videotape
recorder or digital recorder (not shown). In some embodi-
ments, the system allows digital storage of the images and
pattern processing in a computer system for automated cell
processing and analysis. The CCD video camera system 114
is capable of recording a real time bright field image of a
target cell. The device may optionally comprise a cell lysis
device 16, such as a laser, sonic generator, electronic pulse
generator, or electrodes positioned adjacent to target cell(s)
on a cover slip 36. In the illustrated embodiment, after cell
lysis, cell contents are loaded into the end of the capillary by
hydrodynamic flow or electrophoresis. In some embodi-
ments, this end of the capillary has already been loaded with
a short (few mm or less) slug of labeled antibodies at the time
of cell lysis. Thereafter, following a hybridization period, if
necessary, separation for example by isoelectric focusing is
initiated.

A fused silica capillary 122 is positioned with a microma-
nipulator (not shown) so that the inlet 126 of capillary 122 is
located above the cover slip 136 or slide or microwell plate
positioned on a microscope stage 130. The buffer solution
around the cell and above the cover slip or similar container is
coupled to a high voltage potential. Hybridization can be
performed by loading the cell with detection agents prior to
lysis or hybridization may be performed in the buffer solution
subsequent to lysis. In the latter event, a high concentration of
detection agents surrounds or is located adjacent to the cell.
One method for achieving the desired high concentration of
cell contents in contact with a high concentration of detection
agents is to draw the cell contents by hydrodynamic or elec-
trophoretic means into a short length of the capillary adjacent
to the capillary end. In this mode this short region of the
capillary may be pre-loaded with detection agents from
another source such as a tube or well (not shown), or may be
drawn into the capillary end along with the cell contents. The
distal end 132 or proximal end 126 of capillary 122 is dis-
posed in a solution 134 of chemiluminescent substrates. In
some embodiments, resolving and immobilizing the analyte
or analytes of interest can occur prior to adding the detection
agents. The detection agents are then flowed though the fluid
path after the separating the sample and immobilization.

Ampholyte reagent 142 is electrically coupled to a high
voltage potential which, when applied to the capillary solu-
tion, causes the development of a pH gradient within the
capillary 22 by ampholyte migration. A high voltage power
supply, such as model CZE 1000R manufactured by Spell-
man of Plainview, N.Y., which is capable of providing a
20,000 volt potential can be used to maintain the pH gradient
in column or capillary 122.

Fused silica capillary 122 may typically exhibit a 100
micron inner diameter and 360 micron outer diameter. The
lumen walls can be coated with a neutral coating such as that
manufactured by Supelco of Phoenix, Ariz. The coating is
used to minimize the electroosmotic flow and thus shorten the
migration times for the antibody-target complexes. The total
length of the capillary in this embodiment can be as long as 90
to 100 cm, but preferably is considerably shorter, in the range
0of 10 to 30 cm, or 3 to 6 cm. The cell chamber 136 serves as
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an inlet reservoir for targeted cell molecules and optionally
the ampholyte reagent and chemiluminescent reagent(s) and
can be held at ground potential relative to the high voltage
potential at the other end of the capillary. In some embodi-
ments either end of the capillary may be at high voltage
potential and the other ground, or either end may be positive
and the other negative. The outlet reservoir 134 may be held
at 15 to 20 kV relative to ground at the proximal end of the
capillary, for example. The actual potential used is generally
chosen by the desired voltage drop per cm of capillary. Distal
outlet 132 of capillary 122 is placed about 5 centimeters
below inlet 126 in the case of hydrodynamic loading. For the
case of electrophoretic loading, which may be equally or
more effective, no particular elevation of the distal end of the
capillary is required. Inlet 126 of capillary 122 is used as a
micropipette for introducing the cellular contents into capil-
lary 122 after cell lysis. Alternatively, the cell may be drawn
intact into the capillary and then lysed in the capillary.

After removing 5 mm of polyimide coating from capillary
122 above inlet 126, inlet 126 is mounted perpendicular to
cover slip 136 by a micromanipulator (not shown). The
micromanipulator enables precise positioning of the capillary
lumen with respect to the target cell to be loaded or lysed and
loaded into capillary 122.

Capillary 122 includes an optical observation window 138
through which chemiluminescent or fluorescence events are
observed and detected by a CCD array 140 or similar detector.
An extended observation window 138 is desirable as it
enables the parallel detection of a greater number of events
than can be observed through the limited length of a shorter
window. Generally the length of the observation window will
be chosen in consideration of the length of the CCD array 140
being used. If a non-clear coated capillary is used the poly-
imide coating of capillary 122 is removed over at least the
length of the capillary which opposes the CCD array 140. The
observation window 138 is maintained in a fixed position in
relation to the CCD array 140 either by mechanical or adhe-
sive means. Preferably the observation window and CCD
array are enclosed in darkness so that the only light detected
by the CCD array is that emitted by the chemiluminescent or
fluorescent events within the capillary. The signals from the
detected chemiluminescent or fluorescent events are coupled
to a personal computer 144 where they are recorded. In some
embodiments the event data may be recorded along with the
position in the CCD array at which the event occurred. The
data is plotted and total signal corresponding to each focused
band calculated using Origin software available from Micro-
cal of North Hampton, Mass., DAX software available from
Van Mierlo, Inc. of Eindhoven, The Netherlands, LabVIEW
software available from National Instruments Corp., Austin,
Tex., or similar data analysis packages. Data may be pre-
sented as a histogram, electropherogram, or other graphical
representation, or as a spreadsheet or other numerical format.

In some embodiments, a cell or cells which have not been
preloaded with detection agents, the inlet 126 of the capillary
122 is positioned directly above the target cell or cells to be
lysed. The cell or cells can be in contact with a high concen-
tration of detection agents, or preferably, a high concentration
of detection agents has already been loaded into the capillary
end at the time of cell lysis. The lysis device 116 is aimed to
create a lysing shock wave or other cell lysing disruption
adjacent to the cell or cells. When the lysing pulse is applied
the cellular contents are released and the force of the lysing
event may aid in propelling the cellular contents into the
lumen of the capillary by hydrodynamic flow, electrophore-
sis, or electroendosmotic flow. Hybridization of the analytes
of interest and the detection agents takes place rapidly, either
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outside the capillary prior to loading of the cell contents, or
inside the capillary. The degree of hybridization will be lin-
early related to the concentrations of the detection agent and
the sample. For example, tight-binding (high binding avidity)
antibodies provide molecules which will retain their linking
characteristics during capillary transport and isoelectric
focusing. Examples of such antibodies are those typically
used in ELISA (Enzyme Linked Immuno-Sorbent Assays).
Preferably the hybridization is done under non-denaturing
conditions. By causing the antibodies and their analytes to be
in a natural state, recognition between the antibodies and
their-target complexes and the chemiluminescent reporters is
enhanced. The isoelectric focusing field is applied, causing
the antibody-target complexes to migrate to pH points of the
pH gradient in the capillary at which their net charge is
neutral. The complexes will become stationary in the capil-
lary at pH points where the charge of their molecular compo-
nents (e.g., phospho, carboxyl, amino, and other charged
functional groups) nets out to zero. If forces from flow or
diffusion should cause the complexes to drift away from their
respective isoelectric points, the gradient field will migrate
them back into their charge-neutral positions. The antibody-
target complexes are thus resolved along the observation win-
dow 138 by capillary isoelectric focusing. In some embodi-
ments, resolving and immobilizing the analyte or analytes of
interest can occur prior to adding the detection agents. The
detection agents are then flowed though the fluid path after the
separating the sample and immobilization.

The electrophoretic potential is then used to cause the
chemiluminescent substrate solution 134 to flow through the
capillary. This may be initiated at the same time as the electric
field which is first applied to establish the pH gradient, or after
the gradient has already been established and the antibody-
target complexes have been focused. The substrate or sub-
strate(s) are chosen such that they exhibit(s) a net charge at all
pH conditions encountered within the capillary so that the
substrates do not resolve within the capillary but continue to
flow in a continuous stream. As the substrates encounter
antibody-target complexes along the capillary they are
cleaved by the reporter enzyme of the antibody of the com-
plexes, causing release of photons. Thus, as the stream of
chemiluminescent substrate continuously flows through the
capillary, the resolved antibody-target complexes will con-
tinue to emit photons. Alternatively, an excitation source may
be used allowing fluorescence detection. In embodiments
where chemiluminescence is used, emission is continuous for
as long as the flow of chemiluminescent substrates is pro-
moted, and the noise associated with stray excitation light in
fluorescence-based systems is avoided.

The photon emission events are detected by the adjacent
CCD array 140 and the detected events accumulated by the
computer. Detection and accumulation can be continued for a
selected period of time, enabling long detection periods to be
used for sensitive detection of very small amounts of targeted
cellular molecules. When only a single labeled antibody is
used, the number of events accumulated will be a measure of
the amount of analytes in the cell or cells used to prepare the
lysate. To measure the amounts of different cell proteins or
molecules, different antibodies which create different anti-
body-target complexes at different isoelectric points can be
employed. By recording the number of photon events and the
locations along the CCD array at which the events were
detected (corresponding to the focused bands or isoelectric
points along the gradient field of the capillary) the photon
events emanating from the differently labeled analytes can be
segmented. For increased throughput, multiple parallel cap-
illaries or channels can be run past one or more CCD arrays
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incorporated into a single instrument. In another embodi-
ment, multiple antibodies labeled with different fluorescent
dyes having spectrally resolvable signals can be used to
enable multiplexed analysis of different proteins in a single
capillary.

Fluorescent standards can be read separately if desired,
using the same detector before or after the chemilumines-
cence signals have been collected, by exposing the fluors to
excitation light. For an all fluorescence system, the analyte
and standards can be discerned by using differentially excit-
able and detectable dyes.

While the CCD array is preferred for its ability to detect in
parallel the photon events occurring along the array, it is
understood that more restricted detection techniques may be
acceptable in a given embodiment. For instance, a single
photon sensor may be swept or moved along the observation
window 138 to detect the chemiluminescent or fluorescent
photon events. This approach, however, may miss an event at
one point of the capillary when the sensor is aimed or located
at a different point of the capillary. Furthermore the use of an
extended detection device such as the CCD array eliminates
several drawbacks of a focused window-based detector. If the
isoelectric gradient were moved past a single window for
detection, as is common with commercially available capil-
lary IEF separation systems designed for commonly available
fixed window location capillary electrophoresis instruments,
resolution can be deteriorated by laminar flow within the
capillary, and chemiluminescent or fluorescent sensitivity
would be reduced due to the limited time that a photon source
is in the observation window.

Kits

Also provided are kits for performing the methods, and for
use with the systems and devices of the present teachings.
Materials used in the present invention include but are not
limited to a fluid path, capillaries, buffer, detection agents,
one or more reactive moieties, polymeric or polymerizable
materials comprising one or more reactive moieties; chemi-
luminescent substrates, blocking solutions, and washing
solutions. In some embodiments, the kit can further comprise
immobilization agents, ampholytes, and one or more reactive
moieties. In some embodiments, the kit can further comprise
chemicals for the activation of the reactive moiety. These
other components can be provided separately from each
other, or mixed together in dry or liquid form.

EXAMPLES

Aspects ofthe present teachings may be further understood
in light of the following examples, which should not be con-
strued as limiting the scope of the present teachings in any
way.

Example 1

Fluorescence Detection of Green Fluorescent Protein
(GFP)

Preparation of GFP sample for analysis: In a microcentri-
fuge tube, 40 uL. of DI water, 1 pl. of GFP at 1 mg/ml (Part
number 632373, Beckton-Dickinson, San Jose, Calif., USA),
5 uL of bioPLUS pl 4-7 (Bio-World, Dublin, Ohio), and 2 pl.
of ATFB-PEG cross-linking agent (2 mM) were combined.
The ATFB-PEG cross-linking agent consists of 15,000 MW
branched polyethylene glycol (product number PAAM-15,
SunBio, Anyang City, South Korea) in which, each branch
terminus was derivatized with an ATFB (4-azido-2,3,5,6-tet-
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rafluorobenzoic acid) functionality (product number A-2252,
Invitrogen Corporation, Carlsbad, Calif.).

Preparation of capillary: 100 pul.D.x375 pnO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action was
sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder as
illustrated in FIG. 125. A 20 mM NaOH solution was placed
in the cathode end and a 10 mM H,PO,, solution was placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V was then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. GFP was
resolved in a 4-7 pl gradient.

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCl, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Fluorescent dye labeled primary antibody solu-
tion (1:1000 dilution of Alexa-555-labeled rabbit anti-GFP,
Part number A-31851, Molecular Probes, Eugene, Oreg.,
USA in 5% milk in TBST) was then introduced to each
capillary using the same vacuum source applied for 2 min-
utes, followed by 10 minutes incubation with vacuum off.
This antibody application procedure was repeated a total of 5
times. Then, the same approach was used to flush the capillary
with 5% milk solution in TBST for 20 minutes. Finally the
capillaries were flushed for 5 minutes with TBST, and then 2
minutes TBS (10 mM Tris-HCI, 150 mM NacCl).

Detection by fluorescence: For fluorescence detection,
capillaries were read using a Molecular Dynamics Ava-
lanche™ scanner with excitation at 532 nm and emission
detection at 575 nm. The relative fluorescence units along the
length of the capillary as pixel number is shown in FIG. 17.
The pixel number scale in FIGS. 17-22 varies because of
different CCDs and positioning relative to the capillary.

Example 2
Chemiluminescence Detection of GFP

Preparation of GFP sample for analysis: In a microcentri-
fuge tube, 40 pL. of DI water, 1 pl. of GFP at 1 mg/ml (Part
number 632373, BD Biosciences, San Jose, Calif., USA), 5
pL ofbioPLUS pl 4-7 (Bio-World, Dublin, Ohio), and 2 ul, of
ATFB-PEG cross-linking agent (2 mM) were combined. The
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ATFB-PEG cross-linking agent consists of 15,000 MW
branched polyethylene glycol (product number PAAM-15,
SunBio, Anyang City, South Korea) in which each branch
terminus was derivatized with an ATFB (4-azido-2,3,5,6-tet-
rafluorobenzoic acid) functionality (product number A-2252,
Invitrogen Corporation, Carlsbad, Calif.).

Preparation of capillary: 100 ul.D.x375 pO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action was
sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder as
illustrated in FIG. 125. A 20 mM NaOH solution was placed
in the cathode end and a 10 mM H,PO,, solution was placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V was then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. GFP was
resolved in a 4-7 pl gradient.

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCI, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Primary antibody solution (1:1000 dilution of
rabbit anti-GFP, Part number A-11122, Molecular Probes,
Eugene, Oreg., USA, in 5% milk in TBST) was then intro-
duced to each capillary using the same vacuum source applied
for 2 minutes, followed by 10 minutes incubation with
vacuum off. This antibody application procedure was
repeated a total of 5 times. Then, the same approach was used
to flush the capillary with 5% milk solution in TBST for 20
minutes. A secondary (2°) antibody solution was then applied
(1:10,000 anti-rabbit HRP in 5% milk in TBST, Cat#81-6120,
Zymed, South San Francisco, Calif.), again by flowing anti-
body solution for 2 minutes with vacuum on followed by 10
minutes of incubation with vacuum off, repeating a total of 5
times. The capillaries were then again flushed with a 5% milk
solution in TBST for 20 minutes. Finally the capillaries were
flushed for 5 minutes with TBST, and then 2 minutes TBS (10
mM Tris-HCl, 150 mM NaCl).

Detection by chemiluminescence: For chemiluminescence
detection, a mixture of equal parts of SuperSignal West Femto
Stable Peroxide buffer (Cat#1859023, Pierce, Rockford, I11.)
and Luminol/Enhancer solution (Cat#1859022, Pierce,
Rockford, I1l.) was supplied to the capillaries and flushed
through with 5 mmHg vacuum. Chemiluminescence signal
was collected for 60 seconds using a CCD camera in a pro-
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totype chemiluminescence detection module produced by
Cell Biosciences, U.S. Patent Application 60/669,694 filed
Apr. 9, 2005. The relative luminescence signal along the
length of a capillary as pixel number is shown in FIG. 18.

Example 3
Fluorescent Detection of Horse Myoglobin

Preparation of sample for analysis: In a microcentrifuge
tube, 40 ul. of DI water, 2 pul. of 4 mg/ml purified horse
myoglobin (Part number M-9267, Sigma-Aldrich, St. Louis,
Mo., USA) myoglobin solution, 5 pl. of Pharmalyte
ampholyte pl 3-10 (Sigma, St. Louis), and 2 ul. of ATFB-PEG
cross-linking agent (2 mM) were combined. The ATFB-PEG
cross-linking agent consists of 15,000 MW branched poly-
ethylene glycol (product number PAAM-15, SunBio, Anyang
City, South Korea) in which each branch terminus was deriva-
tized with an ATFB (4-azido-2,3,5,6-tetrafluorobenzoic acid)
functionality (product number A-2252, Invitrogen Corpora-
tion, Carlsbad, Calif.).

Preparation of capillary: 100 pul.D.x375 pnO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action was
sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder as
illustrated in FIG. 125. A 20 mM NaOH solution was placed
in the cathode end and a 10 mM H;PO,, solution was placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V was then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. Horse
myoglobin was resolved in a 3-10 pl gradient.

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCl, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Fluorescent labeling of goat anti-horse myoglo-
bin primary antibody (part number A150-103A, Bethyl Labs,
Montgomery, Tex.) was performed by NHS ester coupling
chemistry with Alexa-647 dye (part number A20006,
Molecular Probes, Eugene, Oreg.). The primary antibody
solution (1:50 dilution of Alexa-647-labeled goat anti-horse
myoglobin in 5% milk in TBST) was then introduced to each
capillary using the same vacuum source applied for 2 min-
utes, followed by 10 minutes incubation with vacuum off.
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This antibody application procedure was repeated a total of 5
times. Then, the same approach was used to flush the capillary
with 5% milk solution in TBST for 20 minutes. Finally the
capillaries were flushed for 5 minutes with TBST, and then 2
minutes TBS (10 mM Tris-HCl, 150 mM NaCl).

Detection by fluorescence: For fluorescence detection,
capillaries were read using a Molecular Dynamics Ava-
lanche™ scanner with excitation at 633 nm and emission
detection at 675 nm. The relative fluorescence units along the
length of a capillary as pixel number is shown in FIG. 19.

Example 4

Chemiluminescence Detection of Akt protein from
LNCaP Cell Lysate Sample

Preparation of cell lysate: Cell lysate was prepared for
analysis by lysing 1x10° LNCaP cells (Human prostate can-
cer cell line) in one ml of 4° C. HNTG lysis buffer (20 mM
HEPES pH 7.5, 150 mM NacCl, 0.1% Triton-X 100, 10%
Glycerol). The resulting lysate was clarified of insoluble cel-
Iular debris through centrifugation at 11,000 g for 15 min. at
4° C. The supernatant was decanted to a fresh tube and stored
at 4° C. until use, or frozen at -70° C. for long-term storage.

Preparation of lysate sample for analysis: In a microcen-
trifuge tube, 40 uL. of DI water, 50 pL. of cell lysate, 5 uL. of
bioPLUS pl 4-7 (Bio-World, Dublin, Ohio), and 2 ul. of
ATFB-PEG cross-linking agent (2 mM) were combined. The
ATFB-PEG cross-linking agent consists of 15,000 MW
branched polyethylene glycol (product number PAAM-15,
SunBio, Anyang City, South Korea) in which each branch
terminus was derivatized with an ATFB (4-azido-2,3,5,6-tet-
rafluorobenzoic acid) functionality (product number A-2252,
Invitrogen Corporation, Carlsbad, Calif.).

Preparation of capillary: 100 ul.D.x375 pO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Poiymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action was
sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder as
illustrated in FIG. 125. A 20 mM NaOH solution was placed
in the cathode end and a 10 mM H;PO,, solution was placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V was then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. Akt was
resolved in a 4-7 pl gradient.

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCI, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
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each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Primary antibody solution (1:100 dilution of
rabbit anti-AKT, sc8312, Santa Cruz Biotechnology, Santa
Cruz, Calif., in 5% milk in TBST) was then introduced to each
capillary using the same vacuum source applied for 2 min-
utes, followed by 10 minutes incubation with vacuum off.
This antibody application procedure was repeated a total of 5
times. Then, the same approach was used to flush the capillary
with 5% milk solution in TBST for 20 minutes. A secondary
(2°) antibody solution was then applied (1:10,000 anti-rabbit
HRP in 5% milk in TBST, Cat#81-6120, Zymed, South San
Francisco, Calif.), again by flowing antibody solution for 2
minutes with vacuum on followed by 10 minutes of incuba-
tion with vacuum off, repeating a total of 5 times. The capil-
laries were then again flushed with a 5% milk solution in
TBST for 20 minutes. Finally the capillaries were flushed for
5 minutes with TBST, and then 2 minutes TBS (10 mM
Tris-HCI, 150 mM NaCl).

Detection by chemiluminescence: For chemiluminescence
detection, a mixture of equal parts of SuperSignal West Femto
Stable Peroxide buffer (Cat#1859023, Pierce, Rockford, I11.)
and Luminol/Enhancer solution (Cat#1859022, Pierce,
Rockford, I1l.) was supplied to the capillaries and flushed
through with 5 mmHg vacuum. Chemiluminescence signal
was collected for 60 seconds using a CCD camera in a pro-
totype chemiluminescence detection module produced by
Cell Biosciences U.S. Patent Application 60/669,694 filed
Apr. 9, 2005. The relative luminescence signal along the
length of a capillary as pixel number is shown in FIG. 20 and
the upper panel of FIG. 22.

Example 5

Chemiluminescence Detection of Akt Protein from
LNCaP Cell Lysate Using
Anti-Phospho-S473-Antibody

Preparation of cell lysate: Cell lysate was prepared for
analysis by lysing 1x10° LNCaP cells (Human prostate can-
cer cell line) in one ml of 4° C. HNTG lysis buffer (20 mM
HEPES pH 7.5, 150 mM NacCl, 0.1% Triton-X 100, 10%
Glycerol). The resulting lysate was clarified of insoluble cel-
Iular debris through centrifugation at 11,000 g for 15 min. at
4° C. The supernatant was decanted to a fresh tube and stored
at 4° C. until use, or frozen at -70° C. for long-term storage.

Preparation of lysate sample for analysis: In a microcen-
trifuge tube, 40 uL. of DI water, 50 pL. of cell lysate, 5 uL. of
Pharmalyte ampholyte pI 3-10 (Sigma, St. Louis), and 2 pl, of
ATFB-PEG cross-linking agent (2 mM) were combined. The
ATFB-PEG cross-linking agent consists of 15,000 MW
branched polyethylene glycol (product number P4AAM-15,
SunBio, Anyang City, South Korea) in which each branch
terminus was derivatized with an ATFB (4-azido-2,3,5,6-tet-
rafluorobenzoic acid) functionality (product number A-2252,
Invitrogen Corporation, Carlsbad, Calif.).

Preparation of capillary: 100 pul.D.x375 pnO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
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described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action was
sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder as
illustrated in FIG. 125. A 20 mM NaOH solution was placed
in the cathode end and a 10 mM H,PO,, solution was placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V was then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. Protein
was resolved in a 4-7 pl gradient

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCI, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Primary antibody solution (1:100 dilution of
rabbit anti-phospho-S473 AKT, Part number 4051, Cell Sig-
naling Technologies, Beverly, Mass., USA, in 5% milk in
TBST) was then introduced to each capillary using the same
vacuum source applied for 2 minutes, followed by 10 minutes
incubation with vacuum off. This antibody application pro-
cedure was repeated a total of 5 times. Then, the same
approach was used to flush the capillary with 5% milk solu-
tion in TBST for 20 minutes. A secondary (2°) antibody
solution was then applied (1:10,000 anti-rabbit HRP in 5%
milk in TBST, Cat#81-6120, Zymed, South San Francisco,
Calif.), again by flowing antibody solution for 2 minutes with
vacuum on followed by 10 minutes of incubation with
vacuum off, repeating a total of 5 times. The capillaries were
then again flushed with a 5% milk solution in TBST for 20
minutes. Finally the capillaries were flushed for 5 minutes
with TBST, and then 2 minutes TBS (10 mM Tris-HCI, 150
mM NaCl).

Detection by chemiluminescence: For chemiluminescence
detection, a mixture of equal parts of SuperSignal West Femto
Stable Peroxide buffer (Cat#1859023, Pierce, Rockford, I11.)
and Luminol/Enhancer solution (Cat#1859022, Pierce,
Rockford, I1l.) was supplied to the capillaries and flushed
through with 5 mmHg vacuum. Chemiluminescence signal
was collected for 60 seconds using a CCD camera in a pro-
totype chemiluminescence detection module produced by
Cell Biosciences, U.S. Patent Application 60/669,694 filed
Apr. 9, 2005. The relative luminescence signal along the
length of a capillary as pixel number is shown in FIG. 21 and
the lower panel of FIG. 22.

FIG. 22 compares the chemiluminescence signals gener-
ated in FIGS. 21 and 22 illustrating the resolving of phospho-
rylated and non-phosphorylated forms of the Akt protein by a
single, total-protein-specific antibody in the upper panel FIG.
21. The lower panel FIG. 21, showing the signal generated
using the phospho-specific antibody, indicates that the peaks
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resolved in box A are phosphorylated forms, while those
resolved in box B are non-phosphorylated at serine 473.

Example 6

Detailed Protocol for Synthesizing an
Acrylamide-Benzophenone Wall Coating on the
Inside Surface of a Capillary

A method for making devices of the present invention with
a polymer coating that can be selectively activated to capture
separated analytes in the capillary, which promote flow of
analytes through the capillary without sticking, and which
will not wash away when antibodies are flowed through the
capillary, is described.

According to some embodiments, synthesis is performed
as follows. A Teflon coated fused silica capillary the interior
surface of which is derivatized with vinyl groups (according
to Novotny et. al. U.S. Pat. No. 5,074,982; commercially
available from Polymicro Technologies, 100 um 1D, 356 um
OD) is cut to desired length. Scrape off 2 cm of Teflon coating
from the entrance ends of the capillaries with a scalpel. A
scraped end of the capillary is threaded into a 4 ml autosample
vial (National Scientific Company C4015-17) by the follow-
ing procedure. The cap of the vial is tightened. A 21 gauge
needle (Becton Dickinson 305167) is pressed straight
through the septum in the cap. The capillary is threaded
through the needle and the needle is removed from the septum
and the capillary. The end of the capillary is adjusted to be
approximately 2 mm above the bottom of the vial. In prepa-
ration for a subsequent degassing step, a vacuum desiccator is
purged with argon (or other inert gas) at 12 psi for 4 minutes,
and then sealed by closing the lid and turning off the gas flow
simultaneously. The desiccator’s pressure regulator is left set
at 12 psi.

A solution of 4% (w/v) acrylamide (Sigma A3553), and 4
mol % of the acrylamide benzophenone monomer is prepared
in atotal volume of 1 mIL of DMSO (dimethylsulfoxide, EMD
MX1456-6) in a 4 mL autosample vial. The vial is capped,
vortexed, and inverted several times to dissolve the materials.
A 21 gauge needle is connected to the argon line and the free
end of the line inserted into the open vial. The mixture is
degassed with argon for a minimum of 20 minutes. Four pl, of
ammonium persulfate solution (50 mg Aldrich A7460 dis-
solved in 200 pul, H,0) and 1 pl. TEMED (Aldrich T-7024)
are added to the mixture, which is then mixed by degassing
for another 30 seconds. The solution is quickly applied to the
capillary as follows.

The cap is removed from the acrylamide benzophenone
vial and replaced with the cap containing the capillary as
previously prepared. The end of the capillary is lowered if
necessary so that the end of the capillary is in the acrylamide
solution. A needle at the end of the argon line is inserted
through the cap septum with the end of the needle located in
the head space above the solution. The valve on the argon line
is opened and the 12 psi argon pressure forces the acrylamide
solution into the capillary. The exterior (exit) end of the
capillary is placed in a 20 mL scintillation vial (VWR 66022-
128). The acrylamide solution is allowed to flow through the
capillary for four minutes. After 4 minutes of flow the gas
pressure is turned off and the argon line removed from the
needle, allowing the vial to vent to atmospheric pressure. The
capillary is then removed from the cap septum, placed in the
argon purged desiccator and allowed to polymerize over-
night. The resulting polymer will be tightly bound to the fused
silica inner wall of the capillary by a combination of covalent
bonds to the vinyl groups and adsorption to the glass surface.
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The next day the capillary is removed from the desiccator
and wiped clean with methanol. Following a procedure simi-
lar to that presented above for flowing the acrylamide solution
through the capillary, the capillary is threaded through the
needle inserted through the septum of another vial cap
(Wheaton 240418-SP vial cap; Kimble 73818 A-24 silicone/
PTFE septum). The cap is screwed onto a 25 ml vial
(Wheaton 224832) which is filled with H,O. Another needle
attached to the argon line is inserted through the septum into
the head space of the vial and the line is pressurized with 12
psi argon to flow the H,O through the capillary. The H,O is
flowed for about 2 hours, replacing the supply with fresh H,O
as needed. After this wash, the vial is removed and the screw
cap is fitted onto a clean 25 mlL vial. Argon pressure is
reapplied and allowed to flow through the capillary to dry
with 12 psi argon for 20 minutes. After removing the capillary
from the vial cap, about 2 cm is trimmed from each end of the
capillary with the ceramic cutting tool and the capillary is
again wiped clean.

Examples of data using capillaries produced as in this
example are published in O’Neill et. al. (PNAS, 2006 Vol. 103
pp- 16153).

This example is of a surface modification by polymer syn-
thesis in situ comprising the polymeric layer with incorpo-
rated photoactive moieties that are capable of forming a cova-
lent bonds with analytes upon UV irradiation. The nature and
morphology of functional polymer can vary depending on a
particular application. Thus, the functional polymer can be a
co-polymer, grafted polymer, brush polymer, gel, particles,
foam, block co-polymer and others. The functional polymer
can comprise any suitable material, such as but no limited to,
any one or more of; polyvinyl alcohol, polybutadiene, poly-
styrene, polyacrylamide, polymethacrylamide, polyvinylpyr-
rolidone, polyethylene glycol (PEG), polypropylene glycol,
polyethylene imine, polysiloxane, polyacrylonitrile frag-
ments and other functionalities and heteroatoms. These poly-
mers will have structural fragments forming covalent, hydro-
phobic, mt-x, hydrogen bonding, hydrophilic, metal chelation
or electrostatic interactions with the walls of the capillary to
ensure stable retention of the functional polymer on the inter-
nal surface during focusing, capture and analysis of analytes.
Said structural fragments may comprise but are not limited to
one of more of various alkyl, aryl, hydroxy, carboxy, amino,
quaternary amino, thiol, amide, sulfonamide, sulfonic, phos-
phonic or boronic acid groups, metal ion complexes and
others. The activatible groups incorporated into adsorbed
polymers can capture the molecules of analytes upon photo-
chemical, chemical, electrochemical, thermal or other activa-
tion processes. Examples of the photoactivatible groups may
comprise but are not limited to any one or more of: benzophe-
none, anthraquinone, acetophenone derivatives, azides, alkyl
and aryl halides and azo compounds.

It is preferable that the capture moiety used create carbo
radicals that capture proteins through CH bonding. Another
suitable capture moiety is azido-tetrafluoro-benzoate (ATFB)
and its derivatives. The glass surface of the capillary wall or
fluid path can be functionalized with moieties other than the
vinyl groups described in the example.

Example 7

ATFB-PEG Triggered to Capture Analyte to a
Capillary Wall Followed by Chemiluminescent
Detection of the Analyte

In this example the analyte is combined with reagents for
performing a separation by IEF. In addition, photoactivatable
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polymer is included to allow capture of the resolved analyte in
the fluid path after IEF. In the exemplary embodiment the
photoactivatable polymer is PEG-ATFB (FIG. 31). Upon
activation, the photoactivatable polymer attaches to both the
analyte and to the wall of the fluid path, thereby immobilizing
a portion of the analyte to the fluid path.

Preparation of cell lysate: Cell lysate was prepared for
analysis by lysing 1x10°LNCaP cells (Human prostate can-
cer cell line) in one ml of 4° C. HNTG lysis buffer (20 mM
HEPES pH 7.5, 150 mM NacCl, 0.1% Triton-X 100, 10%
Glycerol). The resulting lysate was clarified of insoluble cel-
Iular debris through centrifugation at 11,000 g for 15 min. at
4° C. The supernatant was decanted to a fresh tube and stored
at 4° C. until use, or frozen at -70° C. for long-term storage.

Preparation of lysate sample for analysis: In a microcen-
trifuge tube, 40 uL. of DI water, 50 pL. of cell lysate, 5 uL. of
Pharmalyte ampholyte pI 3-10 (Sigma, St. Louis), and 2 pl, of
ATFB-PEG cross-linking agent (2 mM) were combined. The
ATFB-PEG cross-linking agent comprises of 15,000 MW
branched polyethylene glycol (product number P4AAM-15,
SunBio, Anyang City, South Korea) in which each branch
terminus was derivatized with an ATFB (4-azido-2,3,5,6-tet-
rafluorobenzoic acid) functionality (product number A-2252,
Invitrogen Corporation, Carlsbad, Calif.).

Preparation of capillary: 100 pul.D.x375 pnO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone. 4 cm sections of
this capillary material were cleaved from longer lengths and
used as described below.

Sample loading into capillary: The sample as prepared
above was loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIGS. 2A and B. Capillary action
was sufficient to completely fill the capillary in less than five
seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above were placed in a capillary holder. A
20 mM NaOH solution was placed in the cathode end and a 10
mM H,PO, solution was placed in the anode end of the
holder, in contact with the electrodes and capillaries. A poten-
tial of 300 V was then applied for 900 seconds to facilitate
isoelectric focusing, which is often achieved within the first
few minutes of this period.

Immobilization by ultraviolet light: After the focusing
period the capillaries were irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause photo-crosslinking.

Washing, blocking and probing step: After immobilization
as described above, the capillaries were removed from the
capillary holder and the anodic end of each capillary was
placed in contact with a TBST solution consisting of 10 mM
Tris-HCl, 150 mM NaCl, 0.05% Tween 20, pH 6.8. A =5
mmHg vacuum source was applied to the cathodic end of
each capillary and TBST solution was pulled through each
capillary for 5 minutes. Using the same =5 mmHg vacuum
source and capillary orientation, a 5% powdered skim milk
solution (w/v) in TBST was pulled through each capillary for
20 minutes. Primary antibody solution (1:100 dilution of
rabbit anti-AKT, sc8312, Santa Cruz Biotechnology, Santa
Cruz, Calif., in 5% milk in TBST) was then introduced to each
capillary using the same vacuum source applied for 2 min-
utes, followed by 10 minutes incubation with vacuum off.
This antibody application procedure was repeated a total of 5
times. Then, the same approach was used to flush the capillary
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with 5% milk solution in TBST for 20 minutes. A secondary
(2°) antibody solution was then applied (1:10,000 anti-rabbit
HRP in 5% milk in TBST, Cat¥# 81-6120, Zymed, South San
Francisco, Calif), again by flowing antibody solution for 2
minutes with vacuum on followed by 10 minutes of incuba-
tion with vacuum off, repeating a total of 5 times. The capil-
laries were then again flushed with a 5% milk solution in
TBST for 20 minutes. Finally the capillaries were flushed for
5 minutes with TBST, and then 2 minutes TBS (10 mM
Tris-HCI, 150 mM NaCl).

Detection by chemiluminescence: For chemiluminescence
detection, a mixture of equal parts of SuperSignal West Femto
Stable Peroxide buffer (Cat#1859023, Pierce, Rockford, I11.)
and Luminol/Enhancer solution (Cat#1859022, Pierce,
Rockford, I1l.) was supplied to the capillaries and flushed
through with 5 mmHg vacuum. Chemiluminescence signal
was collected for 60 seconds using a CCD camera in a pro-
totype chemiluminescence detection module produced by
Cell Biosciences.

Example 8

Fluorescent Detection of a Labeled Antibody
Captured in a ATFB-PEG Gel

In this example the analyte is combined with reagents to
perform a separation by IEF according to some embodiments
of the present invention. In addition, photoactivatable poly-
mer is included to allow capture of the resolved analyte in a
gel within the fluid path after IEF. In the exemplary embodi-
ment the photoactivatable polymer is ATFB-PEG (FIG. 31).
Upon activation, the photoactivatable polymer forms a gel
and attaches to both the analyte and to the wall of the fluid
path, thereby immobilizing a portion of the analyte to the fluid
path.

Preparation of sample for analysis: In a microcentrifuge
tube, 0.5 pL. of Alexa 555-labeled anti-GFP antibody (Invit-
rogen) were mixed with 5 pul. of Pharmalytes 3-10 (Sigma),
10 uL of ATFB-PEG cross-linking agent (3.33 mM), and 84 ul
of water. The ATFB-PEG cross-linking agent comprises
15,000 MW branched polyethylene glycol (product number
P4AM-15, SunBio, Anyang City, South Korea) in which each
branch terminus was derivatized with an ATFB (4-azido-2,3,
5,6-tetratfluorobenzoic acid) functionality (product number
A-2252, Invitrogen Corporation, Carlsbad, Calif.). Note the
concentration of ATFB-PEG is several fold higher than was
practiced in EXAMPLE 2.

Preparation of capillary: 100 ul.D.x375 pO.D. Teflon-
coated fused silica capillary with interior vinyl coating (prod-
uct number 0100CEL-01, Polymicro Technologies, Phoenix,
Ariz.) was surface grafted on its interior with polyacrylamide
containing 1 mole percent benzophenone as described previ-
ously. 4 cm sections of this capillary material were cleaved
from longer lengths.

Separation and Capture: 5 cm capillary coated capillaries
were filled with the above sample. The capillaries were placed
between 10 mM phosphoric acid and 20 mM NaOH, and
electrophoresis was performed for 1500 volts for 300 sec-
onds. Following electrophoresis, immobilization was accom-
plished with 60 second irradiation with UV light using an
1800 Watt F300S lamp (Fusion Systems, Inc., Gaithersburg,
Md.) at 5 inches distance from the capillaries.

Detection with a fluorescent anti-body: Following UV
immobilization the capillaries were connected to a syringe
and flushed with TBST. After unplugging capillaries with the
syringe, vacuum was used to flush the capillaries with TBST
for 15 minutes. Capillaries were further flushed with a solu-
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tion that consisted of 3 ul of alexa 633 labeled antirabbit
antibody (Invitrogen) added to 3 ml of TBST for 15 minutes.
Finally, the capillaries were flushed with TBST for a further
15 minutes. Capillaries were scanned with an Avalanche
Microarray scanner (Molecular Dynamics) using both 532
nm and 633 nm lasers for individual detection of the 2 fluores.
Line graphs were made by extracting a straight line of fluo-
rescent intensity data along the length of the capillary from
the fluorescence image using Igor Pro (Wavemetrics). Capil-
lary images were taken on a fluorescence microscope (Leica)
with 550 nn excitation and 580 nm emission filters.

Example 9

Chemiluminescence Detection of GFP Captured by
Polymerization of Acrylamide and Acrylamide
Bezophenone

Preparation of GFP sample for analysis: Mix in a micro-
centrifuge tube 1 uL. of GFP at 1 mg/m] (Part number 632373,
BD Biosciences, San Jose, Calif., USA), 5 uL. of bioPLUS pl
4-7 (Bio-World, Dublin, Ohio), and 40 pl. of 2.5% w/vol
acrlamide:acrylamide-benzophene (1:20 molar ratio). The
structure (FIG. 29) and synthesis (FIG. 30; Example 6) of
which have been described.

Preparation of capillary: Capillaries were prepared as in
Example 6.

Sample loading into capillary: The sample as prepared
above would be loaded into sections of capillary prepared as
described above by touching the tip of the empty capillary to
the sample as illustrated in FIG. 3b. Capillary action is suffi-
cient to completely fill the capillary in less than five seconds.

Separation by isoelectric focusing (IEF): Capillaries
loaded as described above can be placed in a capillary holder
as illustrated in FIG. 126. A 20 mM NaOH solution is placed
in the cathode end and a 10 mM H,PO, solution is placed in
the anode end of the holder, in contact with the electrodes and
capillaries. A potential of 300 V is then applied for 900
seconds to facilitate isoelectric focusing, which is often
achieved within the first few minutes of this period. GFP is
resolvable in a 4-7 pl gradient.

Immobilization by ultraviolet light: After the focusing
period the capillaries are irradiated for 30 seconds with UV
light using an 1800 Watt F300S lamp (Fusion Systems, Inc.,
Gaithersburg, Md.) at 5 inches distance from the capillaries to
cause polymerization.

Washing, blocking and probing step: After immobilization
as described above, the capillaries can be removed from the
capillary holder and the anodic end of each capillary placed in
contact with a TBST solution consisting of 10 mM Tris-HCI,
150 mM Na(l, 0.05% Tween 20, pH 6.8. A =5 mmHg vacuum
source can be applied to the cathodic end of each capillary and
TBST solution will be pulled through each capillary for 5
minutes. Using the same =5 mmHg vacuum source and cap-
illary orientation, a 5% powdered skim milk solution (w/v) in
TBST is pulled through each capillary for 20 minutes. Pri-
mary antibody solution (1:1000 dilution of rabbit anti-GFP,
Part number A-11122, Molecular Probes, Fugene, Oreg.,
USA, in 5% milk in TBST) can then introduced to each
capillary using the same vacuum source applied for 2 min-
utes, followed by 10 minutes incubation with vacuum off.
This antibody application procedure is repeated a total of 5
times. Then, the same approach is used to flush the capillary
with 5% milk solution in TBST for 20 minutes. A secondary
(2°) antibody solution can then be applied (1:10,000 anti-
rabbit HRP in 5% milk in TBST, Cat#81-6120, Zymed, South
San Francisco, Calif.), again by flowing antibody solution for
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2 minutes with vacuum on followed by 10 minutes of incu-
bation with vacuum off, repeating a total of 5 times. The
capillaries would then again be flushed with a 5% milk solu-
tion in TBST for 20 minutes. Finally the capillaries would be
flushed for 5 minutes with TBST, and then 2 minutes with
TBS (10 mM Tris-HC1, 150 mM NaCl).

Detection by chemiluminescence: For chemiluminescence
detection, a mixture of equal parts of SuperSignal West Femto
Stable Peroxide buffer (Cat#1859023, Pierce, Rockford, I11.)
and Luminol/Enhancer solution (Cat#1859022, Pierce,
Rockford, I11.) can be supplied to the capillaries and flushed
through with 5 mmHg vacuum. Chemiluminescence signal
can be collected for 60 seconds using a CCD camera in a
prototype chemiluminescence detection module produced by
Cell Biosciences, U.S. Patent Application 60/669,694 filed
Apr. 9, 2005.

The monomer concentration specified above is sufficient to
form a gel. At lower concentrations (below about 0.5% total
monomer) the polymerization reaction no longer forms a gel
and GFP is captured to the walls of the capillary.

Example 10

Separation and Capture of Analytes in a Size Sieving
Matrix According to Some Embodiments for the
Present Invention

A 5 cm section of capillary, internally coated as described
in the previous examples is filled with a commercially avail-
able size based separation polymer solution (Beckman PN
390953.) using a vacuum. The filled capillary is placed on a
microscope slide, and a buffer reservoir is made for each
capillary end by placing it under a 1 cm rubber O-ring. The
sample is prepared by mixing SulL of 1 mg/ml GFP (Clontech)
with 50 microliters of commercially available sample buffer
(Beckman PN390953). Sample injection is performed by
placing a 50 uL. drop of sample at the cathodic tip, and a 50 pl,
drop of buffer at the anodic tip. Electrodes are touched to the
drop at each capillary tip, and 100 Volts is applied to the
capillary for 30 seconds. Following sample injection, the
samples are removed and each O-ring reservoir is filled with
800 pL of buffer (Beckman PN 390953). The separation is
performed for 5 minutes at 700 Volts. Sample immobilization
is performed by illuminating the capillary with UV light from
a Hamamatsu lamp unit (for 60 seconds) in a manner similar
to previous experiments. After immobilization the capillary is
removed from the microscope slide, and the capillary is
placed in a vacuum manifold. A syringe was used to replace
the sieving polymer with TBST buffer with 15 minutes of
vacuum. Following removal of the sieving matrix the capil-
laries were washed with TBST buffer under vacuum for 30
minutes GFP fluorescence by scanning the capillary with a
488 nm argon laser and detecting fluorescent signal with a
PMT. Alternatively, GFP is detected using chemilumines-
cents as described in the previous examples.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed,
and obviously many modifications and variations are possible
in light of the above teaching. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical application, to thereby enable oth-
ers skilled in the art to best utilize the invention and various
embodiments with various modifications as are suited to the
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particular use contemplated. It is intended that the scope of
the invention be defined by the Claims appended hereto and
their equivalents.

All patents, patent applications, publications, and refer-

ences cited herein are expressly incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

What is claimed is:

1. A method, comprising:

resolving one or more analytes in a fluid path;

after the resolving, binding at least one of the one or more
analytes to the fluid path upon activation of a triggerable
agent within the fluid path, the binding being non-spe-
cific to any analyte from the one or more analytes, the
triggerable agent including a reactive group; and

detecting within the fluid path the at least one of the one or
more analytes that are bound to the fluid path.

2. The method of claim 1, further comprising:

prior to said the detecting step, disrupting at least a portion
of the triggerable agent and removing the portion of the
triggerable agent from the fluid path after activation of
the triggerable agent.

3. The method of claim 1, wherein the resolving, binding

and detecting occurs in a single portion of the fluid path.

4. The method of claim 1, wherein the reactive group

includes one of a photo-reactive group, a chemical reactive
group or a thermal reactive group.

5. A method, comprising:

separating at least one analyte from a plurality of analytes
in a fluid path by electrophoresis, the fluid path including
a sieving matrix;
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binding the at least one analyte to the fluid path upon
activation of one or more triggerable agents contained
within the fluid path; and

detecting within the fluid path the at least one of the one or
more analytes that are bound to the fluid path.

6. The method of claim 5, further comprising:

prior to the detecting, disrupting at least a portion of the
sieving matrix in the fluid path.

7. The method of claim 5, further comprising:
passing materials, including at least one of an antibody or
a chemiluminescent reagent, through the fluid path.

8. The method of claim 7, wherein the materials are passed
through the fluid path by at least one of electroosmotic force,
electrophoretic force or hydrodynamically.

9. The method of claim 5, wherein the sieving matrix is a
polyacrylamide including one or more photoreactive groups.

10. The method of claim 5, wherein the sieving matrix is a
polyacrylamide including benzophenone moieties.

11. The method of claim 5, wherein the sieving matrix is a
size-based separation polymer solution.

12. The method of claim 5, further comprising:

prior to the detecting, washing components not bound to

the fluid path out of the fluid path.

13. The method of claim 5, wherein the triggerable agent
includes one of a photo-reactive group, a chemical reactive
group or a thermal reactive group.

14. The method of claim 6, wherein the disrupting includes
one of melting or cleaving.
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